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INTRODUCTION 
Morta lity among young pigs prior to wea ning is extremely high. 
with swine producers frequently rea liz ing a dea th l o s s  of  25% of  the 
pigs fa rrowed . The ma j ority of these dea th s  occur within 3 d 
pos t fa rrowing a nd . can be a t tributed to  being b orn wea k. c rushed by the 
dam. s ta rvation a nd chil ling . Generally . these ca uses a re the resul t 
of the inabil ity of  the baby pig during the firs t  few day s  of  life to 
a dequately mee t  its metabol ic ene rgy requirements for sust aining vital 
body func tions . The neonatal pig .  until about 3 t o  4 d of a ge .  has a 
difficul t  time adj usting to those environ mental s t res ses which require 
high l evels of energy . since it is born with l imit ed b ody stores of 
meta bolizabl e  fat a nd can make only limited use of d ie ta ry fat . 
Cons ide�a ble research interest ha s been shown in recent yea rs 
in developing methods by which increased a dipose tis sue would b e  
deposited i n  the fetal pig and in stimulating the d evel opment of  the 
diges t ive system of the fetal pig to enhanc e util iza tion of fat in the 
s ow ' s  milk shortly a fter farrowing . 
This study wa s des igned to al ter the norma l dietary energy 
inta ke of  the gesta ting sow/ gil t by feeding a typica l  ges t ation diet  
suppl emented with a dditi onal fat- . by feeding a d ie t  that conta ined fat 
a s  the only diges t ible caloric nutrient .  by feeding a die t tha t  wa s 
essentia lly nonca loric in na ture and by fa sting . 
The obj ectives of this study were a s  f ol l ows : 
1 .  To determine the effec t of a l tering the dieta ry energy 
intake of  the ges ta ting sow/ gil t on the cha nges in b ody 
weight , serum glucose level and serum free fatty acids 
( FFA) lev el during late ges tation. 
2 .  To determine the effect of al tering en e rgy intake of the 
dam during late ges tation on ges tation length and on the 
number of l ive pigs born ,  number of s t illborns in the 
l it ter,  t otal l it ter weight and average p ig weight at 
farrowing . 
3 • . To dete rmine the effect of energy intake by the dam during 
late ges tation on. plasma fruct ose , serum glucose and s e rum 
free fatty ac id levels in the neon at al p ig at parturit ion . 
2 
4 .  To examine the l itter performance a t  3 -d post farrowing as 
related to dietary energy intake during late ges tation by 
measuring pig survival , t otal l it ter weight and p ig weight . 
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REVIEW OF L ITERATUR E 
Neonatal Mortali ty in Swine 
P reweaning mortality among neonatal pigs continues to be a 
maj or s ource  of economic loss to swine producers . D eath loss  prior to 
weaning is  typical ly more than 25% of the pigs farrowed . with the 
greatest  share of these l osses occurring within 3 to 4 d post farrowing . 
Hut chinson et  al . ( 1 954) coll ected data from 2 20 litters 
involving 2 .1 1 6  pigs over four farrowing seasons that demonstrated a 
3 1% death los s  in the pigs farrowed . Of these . 17%  were b orn dead and 
26% . 13% . 9% and 5% died on the firs t .  second . third and fourth days 
post farrowing . respectively . 
In a study of 2 . 5 81 litters with 2 8 . 400  pigs (Veterinary 
Inves tigation S�rv ice . 1 95 9 ) . 6 . 04% of the p igs were born dead . 1 5 . 35% 
died w ithin 1 wk of farrowing and a t otal of 25 . 86% of the pigs 
farrowed died prior to  weaning . 
Kerrik amp ( 1 965 ) reporte d  on 5 . 26 3  litters with 45 . 842 pigs . of 
which 5 . 6% were s til lborns . Of the pigs born aliv e .  1 1 . 5% died within 
their f irst week of life and 20 . 5% died prior to weaning . 
The mortality rate in 6 . 890 Yorkshire pigl ets  (Fahmy and 
Bernard . 1 97 1 )  from birth to 20 wk was 25 . 6% .  of which 7 . 2% occurred at 
farrowing and 1 6 . 4% from birth to weaning . Of the total mortal i ty .  
1 5 . 3% occurred on the firs t  day and 43 . 7% occurred during the firs t 
week .  
L eman et  al . ( 197 2 )  compil ed data  from 7 6  Ill inois farms on 
2 1 . 3 56 litters ov e r  a 1 8-mo period with 2 1 1 . 41 1  p igs . O f the'pigs
. 
farrowed . 7 . 1% were dead prior to the first observation o f  the l itter 
and 25 . 3% had died by the time of weaning . 
The total preweaning losses . including stil lborn pigl ets . 
amounted to 2 2 . 6% of the pigs born in 1 . 41 6  litters during a 1 -yr 
investigation by Nielsen et al . ( 197 4) . 
4 
Glastonbury ( 197 6 )  showed a 1 9 . 7% mortality loss  from farrowing 
to weaning in a survey of 3 4  farms with 1 . 06 8  farrowings recorded . The 
early days  of  the p iglet ' s  l ife were the mos t c ritical for survival . 
with 7 4 . 6% of the total preweaning mortal ity occurring during the firs t  
4 d .  
The maj ority of  the deaths in these reports were at tributed to 
being b orn weak.  c rushed by the dam. starvation or chil l ing . 
General ly .  the se causes were the result of the inab il ity of the 
neonatal p ig during the firs t few days of life to adequately meet  its 
metab ol ic energy requirements for sustaining v ital b ody func tions . 
Causes o f  death act separat ely and in comb inat ions t o  reduce the 
abil i ty of  innate capacities to interact effec tively with the 
environment ( England . 1 97 4) . In fact .  the newborn p ig in many c ases is 
so badly adj usted to its environment that it is  l argely a matter of 
chanc e whether it dies of infection. of starvation or  of  being c rushed 
by the s ow ( Pomeroy . 1 960 ) . 
The newb orn p igl et has poor thermoregulation and is  susc eptible  
to  chil ling at  b irth. even though the animal appears vigorous and 
mature ( Stanton and Mueller.  1 973 ) . The pigl et is the most 
c ol d-sensitiv e  neonatal domestic ungulate .  I ts minimal c ritical 
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ambient temperature is 3 5  C in contrast to  2 9  C f or lambs and 13  C for 
c alves . Newborn and 1-d-old piglets shiver at 2 9  t o  3 0  C .  Piglets are 
virtually bare skinned when born and gross  fat reserves are abs ent 
perinatally . The l imited pilage and subcutaneous  fat presumably 
accounts for the high c ritical temperature ( Curtis and Rogler. 1 97 0 ) . 
The relatively high rate of death loss from chill ing in neonatal 
p igl ets  sub sides 2 or  3 d postpartum, whil e the overall cold res istance 
abil ity improves during this same period (Foley e t  al • •  1 97 1 ) . 
In · the reported data concerning the speci f ic causes of 
preweaning mortality in swine . 12 to 1 8% of  the l o s ses  have b een 
attributed to starvation (Veterinary Inves tigation Service .  1 95 9 ;  
Pres t on and May rose . 1 963 ; Sharpe , 1 96 6 ; L eman et al • •  1 97 2 ;  Nielsen 
et  al • • 1 97 4 ;  Glas t onbury . 1 97 7 ) . 
D eath l osses due to pigs being· overl ain by the sow were 
reported to be 13 to  1 9% of the cause in research by Hutchinson et  al . 
( 195 4 ) . Prest on and Mayrose ( 1963 ) and Fahmy and Bernard ( 1 97 1 ) .  L eman 
et  al . ( 1 97 2 )  reported c rushing as the cause of death in 3 0 . 9% of the 
cases  and the Veterinary Investigation Serv ice ( 1 95 9 )  reported it to be 
the cause in 44 . 8% of the cases . 
Inanition or congenital weakness contributed to  26 . 9% of the 
death loss  in research reported by Fahmy and Bernard ( 1 97 1 ) . 42% of the 
cause in the cases  investigated by Hutchins on e t  al . ( 195 4)  and 1 4 . 7% 
of the deaths repor ted by Leman et  al . ( 1 97 2 ) • . 
Trauma accounted for 1 8  to 2 1% of the pr eweaning deaths in two 
studies ( Sharpe . 1 96 6 ; Nielsen et al • • 1 97 4) . L eman et  al .  ( 197 2) 
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attributed 5 . 5% of  the preweaning deaths in thei r  s tudy t o  exposure or 
chil ling . The Veterinary Inves tigation Service ( 1959 ) considered 5 . 2% 
of the pigs that died prior to weaning to have b e en runts . with 9 . 6% of 
the pigs that died in the report by Sharpe ( 1 9 6 6 )  c onsidered as runts . 
The fundamental causes of pigl et mortality are p robably to  be 
f ound through a study of  the fundamental physiol ogy of the l ate fetus 
and the newborn pig ( Pomeroy . 1 96 0 ) . 
Prenatal an d Per inatal Energy Metabolism 
Ov erview .  The .total life span of the modern market hog from 
conc eption t o  slaughter is appr oximately 9 to 1 1  mo . of which 4 mo are 
spent in uter o .  i . e  • •  the prenatal period accounts f or mor e  than 
one-thi rd of  the total life span . In addition to  the ef fect that fetal 
development has _upon the capacity for growth and devel opment 
postfarrowing . this prenatal per iod is als o  an important  contributory 
fac t or to the very high death rate among newbor n  p igs  ( Pomer oy .  1960 ) . 
The development of the fetus in utero is influenc ed by the 
nutritional s· tatus of the dam. genetics of the dam and s ire . eff ic acy 
by which nutrients and gases are del ivered to and transpor ted across  
the placenta to individual fetuses and interactions  of  maternal . 
placental and fetal endocrine systems . The maturity o f  the neonate at 
birth and its ab il ity to adapt to stres s  are clearly related to its 
intrauterine development ( Stanton and Carroll .  197 4) . Mer smann ( 197 1 )  
summariz ed the unique pr oblems of the newborn pig i n  regard t o  su rv ival 
during the initial hours of life : ( 1 )  the piglet does not regulate 
b ody t emperatur e  very well when exposed t o  l ow  ambient tempera tu res ; 
( 2 )  it is . under c onditions of  starv ation. quit e susceptibl e t o  
hypoglycemia ; ( 3} although there is a large amount o f  fructose in the 
blood of the newb orn pig .  it is not utilized and seems t o  be ex c reted 
within the f irs t 1 2  h of l ife ; ( 4) the newborn p ig depends on it s 
carbohydr at e  r es erv es as a s our ce of energy indicated by the small 
amount of free  fatty ac ids mobilized under s tarvation conditions 
coupl ed with the small amount of depot fat and ( 5 )  the pig is 
apparently not capable of  carry ing on gluconeogenes is . 
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Placental Transfe r .  The fetus makes contact with the mate rnal 
or gan ism .via the placenta .  The flow of  metabol ic sub s tr ates fr om 
placenta t o  fetus s erves two requirements , ( 1 )  maintenance  o f  fet al 
oxidative met abolism and ( 2 ) formation of new tissue (Battaglia and 
Mes chia . 1 97 8) . Cir culating nut rients in the maternal bl ood .  however . 
ar e ca pable o f  being tr ansfer red through the placenta fr om the maternal 
t o  the fetal c ir culatory system in vary ing degr ees . 
Glucose  has b een found to readily cr oss the placenta fr om the 
maternal t o  the fetal cir culatory sys tem for use as an energy s ub s tr ate 
( Chinar d  et al . ,  1 956 ; Sabata et al • •  1 96 8 ;  Gir ar d ,  1 97 5 ; Guyton.  
1 986 ) . Guyton ( 1 986 )  noted that the glucose level in  the fetal blood 
(human ) or d inar ily is 20 t o  3 0% lower than in the mat ernal bl ood , s ince 
glucose  is being metabol iz ed r apidly by the fetus . Resear ch by Gir ard 
in 1 97 5  documented this fact that in nonruminants the fetal blood 
gluc ose level at term is 7 0  to 90% that of the mother . and that . while 
it rem ains l ower .  the concentration of glucose in fetal blood always 
r eflects  that of  the dam. A steady flow of glucose from the mother 
c ro sses the placenta in the direction of the concentrat ion gradient by 
a proces s of  fac il itated diffusion. Although t he placenta has a high 
rate of glucose utilization. these needs are met under  n ormal 
c onditions by upt ake of glucose by the placenta from the uterine 
circulation . and there is always a net delivery of glucose by the 
placenta to the umb il ical circulation (Battaglia and Mes chia . 1 97 8 ) . 
There has been little evidence supporting the t ransplacental 
t rans fe r  of  glycerol from the dam to the fetus ( Sabata et al • •  1 96 8 ;  
Girard . 1 97 5 ) . Recent res ea� ch with rats . however.  has shown that 
c1 4-glycer ol does pass  through the placenta f rom the mother to the 
fetus (Girard. 1 97 5 ) . 
Swine are among the limited number of  mammalian spec ies in 
which f ructose appears in the fetal blood in any quantity ( Chinard 
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e t  al • •  1 956 ) . Chinard et al . ( 1 956 ) demonstrated that f ructose goes 
freely from the mother to the fetus when inges ted into the maternal 
c irculation and that s ome part of the glucose carrier system seems able 
to  t ransmit the fructose . There is a sugges tion that an excess of 
glucose can impede the flow of fruct ose . 
The level of amino ac ids is two t o  three times h igher  in the 
fetal than in the maternal circulation.  The amino acids are 
c oncentrated by the placenta and released to the fetus against a 
concentration gradient by an active transport mechanism .  The transfer 
of  amino ac ids is independent of  their l evel in maternal plasma and of 
the fetal placenta bl ood flow. but it is dependent on the maternal 
placental bl ood flow ( Girard . 1 975 ) . 
9 
Several researchers have evaluated the tran s fe r  of  fatty ac ids 
ac ross  the placenta .  Guyton ( 1 986 )  stated that . because of the high 
s olub ility of fatty ac ids in cell membranes . they al s o  diffuse from the 
mat ernal blood into the fetal bl ood (human) but more s lowly than 
glucose . s o  that glucose is prefe rentially used by the fetus for 
nutrit ion . The abil ity of the placenta to  t ransport free fatty acids 
( FFA) varies c ons iderably with the species an d .  although the mechanism 
by which FFA c ross  the placenta is not wel l unders t ood . an act ive 
transport system has been proposed (Girard . 1 975 ) . 
Research data rep orted by Van Duyne and as s oc iates ( 1 96 2 )  
suggest that much more palmitic acid-I-c1 4  is transfe rred � c ross the 
hemoendothelial placenta of the rabbit than across t he syndesmochorial 
placenta o f  the sheep . Hershfield and Nemeth ( 196 8 )  demonstrated that 
in the guinea pig and rabbit the fe tus obtains a large part of its 
fat ty acids from the mother.  the net trans fe r  of FFA from mother to 
fetus being high in the well- fed animal . Hershfield and Neme th ( 1 96 8) 
further state4 that in the rat . sheep and probably all domesticated 
ruminants  the fetus synthes iz es most of it s own fat ty acids . with the 
net t ransfer o f  FFA from mother t o  fetus being relatively low unless 
the animal was fas ted . Man. they felt . als o  falls  into this same . 
group . 
Koren and Shafrir ( 1 96 4) were not able to demonstrate that the 
mat ernal c irculation w� s an important s ource of direct t rans fer of 
fet al FFA in the rat . Hummel and associates ( 1 97 5 ) . however. 
contradicted these data in demon strating the mat ernal circulat ion to  be 
an even more important source of fetal FFA than the fatty ac id 
synthes is in fetal tis sue of the rat . 
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Portman e t  al . ( 1 96 9 )  documented the t ransf e r  of l inoleic and 
palmit ic fatty acids ac ross  the placenta from the maternal t o  the f etal 
s ide in monkeys . 
Research on human term placentas ( Szabo  et  al • •  1 96 9 )  showed 
s ignif icant t ransport of palmitate f rom the mat ernal to the fetal s ide . 
with the t ransport of palmitate occurring if a large fetal to  mate rnal 
concent ration gradient was e& tablished . When the fe tal and maternal 
perf usates c ontained identical amounts of palmitate or  a slightly 
higher concentration of palmitate on the f etal s ide . the transport 
favored the maternal-to-f etal direction. Sz abo  and as s oc iates feel 
that the transport against a concentration gradient probably repres ents 
act ive transport by the placenta. Szabo and Szabo  in 1 97 4  proposed 
that c i rculating maternal plasma FFA are the maj or precurs ors of 
triglyceride f at ty acids in the adipose tissue of human fetu ses . 
Matern al FFA is t ransported across the placenta and is carried by the 
bl ood of the fetus to the developing fat cells . After  being taken up 
by the adipocytes . FFA is esterified and incorporated int o  the 
adipose-tis sue triglyceride pool . 
Res earch w ith pregnant rabbits (Edson e t  al • •  1 97 5 )  suggested 
that during maternal fas ting increased amounts of maternal FFA c ross 
the placenta into the f etal circulation and are incorp orated into the 
fet al fat s t ores . Elphick et al . ( 1 975 ) als o  concl ude d that free fatty 
acids can c ro s s  the rabbit pla e nta in amount s  suf ficient to � rovi de 
the fat ty acid components of stored t riglyce rides and s t ru ctural 
l ipids . Placental t ransport of free fatty acids d epend in part on 
maternal bl ood concentrations and on fetal uptake . 
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Hershfield and Nemeth ( 1 96 8 )  found that . when radioisotop ically 
labeled  l inoleic and palmitic acids were mix ed with s erum and inj ected 
int o  the maternal c irculation of pregnant guinea p igs . fat ty acids 
appe ared in the fetal circulation in seconds and that both of the fatty 
acids entered and l eft the placenta barrier in an une sterified form .  
They further stated that . since others had shown that albumin does not 
cross  the guinea pig placenta ,  the FFA upon entering the placental 
barrie r must dias sociate from maternal plasma albumin and upon leav ing 
the barrie r must  ass oc iate with albumin in fetal plasma . The tis sue 
between maternal and fetal plasma in the guinea p ig placenta cons is ts 
of two layers of cells separated by a relatively thick b as ement 
membrane . Thus . any FFA pas sing ac ross  would p robably require a 
protein carrie r .  
D ata from Scow et al . ( 1 95 8) indicated that there was a very 
close correlat ion betweeen ketone body levels of  fetal and maternal 
blood in rats , strongly sugges ting that ketone b od ie s  are t ransfe rred 
ac ros s  the placenta. probably as rapidly as glucose . Rubaltel li ( 1 967 ) 
confirme d  these data, stres s ing the fact that the re is a g radient from 
the mother t o  the fetus producing a t ran s fe r  of  acetoacet ate in this 
direction . Subsequent data from Sabata et al . ( 1 96 8 ) and Girard ( 1 975 ) 
further documented the capability for the tran s fe r  of k etones across 
the placenta from the matern al to the fetal circulatory sys tem .• 
Carb ohydrate Metabolism. The inab il ity of  the newborn p ig to 
maintain the c ritical energy metabolite.  glucose . above hypoglycem ic 
levels is  due to rapid depletion of l imited live r glycogen res erves 
(minimum by 1 8  t� 24 h pos tpartum) . very l ittle me t abolizable fat 
( total . 1 to 2% ) and p oor glucose forming capac ity during the early 
period . The init ial 2 4  h of life is a critical pe riod . wherein 
maintenance of "normal" levels of bl ood glucose are largely dependent 
on fetal energy s torage and adequate food intake (Boyd et al • •  1 9 84) . 
I t  is general ly accepted that glucose is the primary 
ene rgy-produc ing fuel of the mammal ian fetus . This b el ief is  derived 
from the obse rvation that the respiratory quotient o f  newborn mammals 
is very close to  1 and that fatty aciq s  and amino ac ids are s lowly 
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degraded by fetal tissues (Edwards . 1 97 2 ;  Mersmann. 1 97 4 ;  Girard. 1 97 5 ; 
Batt agl ia and Mes chia . 1 97 8) . Howeve r. Edwards ( 197 2 )  demonst rated 
that by 1 d of  age the respiratory quotient had fallen to approximately 
. 84 and noted that this indicated a utilization of a fat-carb ohydrate 
sub s t rate with a contribution from the metabolism of protein . The 
dietary s tatus of  the animal can have a profound e f fect on the 
respiratory quotient (Mersmann . 1 97 4) . When the mat ernal level of 
plasm a  glucose is normal . the "fetal diet"  contains a relatively large 
amount of glucose . With fas ting . the supply of  glucose to the fe tus is 
reduced t o  approximately hal f of the normal value (Battagl ia and 
Mes chia . 1 97 8) . 
Glucose utiliz ation in the fetus may occur by three pathw ays . 
( 1 )  glucose may be used as a fu 1 by certain fet al o rgans ; ( 2 ), glucose 
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may b e  util iz ed through conversion to other compou nds such as 
none ssential am ino acids that would then be used f or protein synthes is 
and new tissue growth or (3 ) glucose can be s tored as glycogen in 
variou s  f etal organs , al though principally in the l iver and skeletal 
mu s c l es (Battagl ia and Meschia . 197 8) . 
The bl ood 
·
glucose level is low at b irth (Bengts son et al • •  
196 9 )  at a level of approximately 3 0  to  60 mg per dl (Mersmann. 1 97 4) . 
This  l evel inc reases  significantly after the first nursing ( Curtis 
et al • •  1 966 ; Bengts son et al • •  1 96 9 ;  Pettigrew et al • •  1 97 1 ) . yielding 
val ues of- approximately 95 mg per dl (Mersmann . 1 97 4) . Blood glucose 
lev el s  in the nonfas ted animals late r decline slightly and level off 
through the f irst f ew weeks of life (Bengts son et al • • 1 96 9 ;  Pettigrew 
et al • •  1 97 1 ) . Bengts son et al . ( 1969 )  f ound no correlation between 
glu cose and FFA 
·
level s . 
Within 1 2  h of birth . the liver glycogen has been util iz ed and 
the newborn must  be able  to produce glucose through gluconeogenesis to 
maintain the minimal blood glucose level compatible with l if e .  Af ter a 
rel atively short period of starvation. the newborn rat and pig develop 
marked hypoglycemia and die (Girard . 1 97 5 ) . Several f actors such as 
glycogen synthesis and breakdown. the rate of dietary uptake . the rate 
of oxidation by various tissues and a number of hormones and 
glu coneogenesis al l interact to maintain bl ood glu cose  l evel s 
( Mersmann.  197 4) . Glycogen is al so conserved to  a c ertain ex tent to 
provide glucose to such systems as the erythrocytes and the cells  of 
the n erv ou s  system which are glucose dependent (Van Duyne. 1 965 ) • . 
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S ignificant concentrations o f  blood fruct ose a r e  p resent during 
fetal and neonatal periods of development of the pig but are not found 
during l ater periods of life ( Pettigrew et al • •  1 97 1 ) .  F ructose has 
been shown to be the princ ipal sugar of fetal blood . whil e maternal 
blood contained only traces of fruct ose (Aherne et al • •  1 96 9 ) . 
Okai et  al . ( 197 8)  demonstrated that the l evel s of  total 
reducing sugars in venous and art erial blood were much g reat er in the 
plasma of younger fetuses than in the plasma of older fetuses . The 
high l evel of fruct ose in both the umbil ical art ery and vein sugges ted 
that the b ulk of the total reducing sugars was f ruct ose . Research 
resul ts o f  Aherne et al . ( 1969)  had also exhibited a decrease in fetal 
bl ood fructose l evel s with inc reasing fetal age . Blood fructose l evels 
rapidly decreased within the first few hours postpartum ( Curtis et al  • •  
1 96 6 ; Aherne et al • •  1 96 9 ;  Pettigrew et al • •  1 97 1 )  and blood sampl es 
collected 3 2  h postpartum by Pettigrew et al . ( 197 1 )  did not contain 
detectable amounts of fructose . This rapid dec rease in blood fructose 
l evel s may be  as soc iated with the pig ' s  detachm ent from the placenta at 
birth. which is postulated as the source of fetal fruct o se or its 
precursors ( Curtis et al • •  1 966 ) . 
The role of fruc tose in the metab oli sm of the f etal and newborn 
pig is not known (Okai ·et al • •  197 8 )  • . Research resul t s  of Aherne 
e t  al . ( 1 96 9 )  did not reveal a consistently higher concentration of 
fru ctose in the umbil ical vein thari in the umbilical artery .  suggesting 
that there was very little util ization of fru c tose by the fetus . 
assuming that the placenta is the maj or site of  synthes is . I t  is 
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fu rther su gges ted that the rapid disappearanc e of f ructose f ollowing 
parturition is due more to excretion than to  metab ol i sm (Aherne et al . ,  
1 96 9 ) . Observ ations by Bat taglia and Meschia ( 1 97 8 )  als o  sugges ted 
that f ruct ose of placental origin was not an important  sub strate of 
f e tal ener gy metab olism under normal conditions . However, it had been 
shown that f ruct ose concentrations in ovine f etal blood f el l  with 
maternal starvation and thus , in some species , f ruct ose appeared to be 
a f orm of f e tal carbohydrate storage that may be  called upon during 
f asting . Aherne et al . ( 1969 )  demonstrated that f ruc tokinase activity 
of the placenta.  f etal liver and intes tine of the pig are low. relative 
to that of the ad ul t r at l iver . Howev er, it was not determined whe ther 
or not the low f ruc tokinase ac tivity of the f etal pig l imited the 
utilization of f ruc tose . 
Bl ood f ruct ose l evels in the n ewborn pig were negatively 
correlated with subsequent pig perf ormanc e in the res earch conducted by 
Pettigr ew  et al . ( 197 1 ) . This may suggest that the blood f ructose 
l evel s of pigs at the time of parturition may be an indicator of the 
physiological maturity of the pig and its abil ity to adj ust to 
env ironmental s tres ses during the ea rly period of l if e .  
Battaglia and Meschia ( 197 8 )  reported that galact ose 
incorporation int o  f etal liver glycogen can be d emonstrated easily in 
several mamma lian spec ies . They noted that the uptake of gal actose by 
the f etal l iver should possibly be  regarded as a p reparative adaptation 
in anticipation of parturition .  
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Lactate is a carbohydrate that recently has been found t o  be 
supplied by the placenta to the fetus in relatively large amounts and 
thus play s  a role as a substrate of fetal metabol ism. Al though not yet 
est ab l ishe d .  it is thought that the placental lactate is derive� from 
maternal glucose . The fate of lactate in the fetus is unknown . 
Pres umably . it is  used either directly as a fuel for energy metabolism 
by various fetal organs or is used in gluconeogenesis  (Battagl ia and 
Meschia .  1 97 8 )  • 
I t  has been general ly- accepted that d ietary f iber contributes 
l ittle  in terms of nutritional value to the s imple s tomached animal 
(Gargallo and Z immerman. 1 980 ) . Forbes and Hamil t on ( 1 95 2 ) . however.  
had s hown an apparent digestibil ity of the plant cell walls  by p igs as 
high as that reported for ruminants . In addit ion. the metabol iz able 
energy val ues . expressed as a percentage of  the digestible energy . 
showed that the organic acids produced in the d iges tion of cellul ose 
were h ighly util iz able by the animal . Farrell and J ohns on (197 0 )  
c onducted res.earch t o  compare the ex tent t o  which p igs c ould digest 
cel lulose in diets containing 8% and 26% cellulose . The digestib il ity 
of c ellulose . although variable. was higher for  the 8% cellulose diet . 
Measurements of  production rates of volatile fatty acids in the cecum 
indicated that only 2 . 7% and 1 . 9% of the apparent d igestible energy of 
the 26% and 8% cellulose diets . respectively . came from the acids . and 
they c oncluded that the cecum played only a small role in the b reakdown 
of feed sub s tances . Gargallo and Zimme rman in 1 980 evaluated t he 
effe ct of three levels of dietary ·s olka Fl oc ( 2 .  1 0. and 1 8% ) on cecal 
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f unctional ity .  Dry matter and cellulose diges tib il ities were reduced 
by the inc rease in d ietary cellulose . suggesting a maximum cellulo se 
digestion capacity of about 3 5  g per pig d aily .  Data on v olatil e f atty 
acid l ev el s  showed no eff ect of dietary c ellul ose l ev el s  on cecal 
conc entrations . 
In the f etus only a portion of the glucose is oxidiz ed f or 
energy needs . whil e a signif icant portion is used f or the build ing of 
energy stores (Girard . 1 97 5 ) . Thes e glycogen res erves serve as the 
maj or energy reserve of the newb orn pig (Okai et al • • 1 97 8 ) . 
There is  a marked ·inc rease in the deposition of glycogen d uring 
the latter s tages of f etal growth .  starting at approximately 90 d 
gestation until the time of birth (Mersmann. 1 97 1 . 1 97 4 ; Mersmann 
et al • • 1 97 2 ;  Hakkarainen. 1 97 5 ; Yen et al • •  1 9 83) . The l arge amount 
of glycogen depo sition d uring this period is positively c orrel ated with 
the amount of total glycogen synthetase ac tivity present in the liver 
of f et al swine during l ate gestation (Mersmann e t  al  • •  1 97 2 ;  Mersmann. 
1 97 4) . At the time of birth these glycogen st ores are estimated at 
23 g per kg of body weight (Mersmann. 1 97 4 ; Hakkarainen . 1 97 5) .  The 
carcas s contribut es approximately 90% of the total b ody glycogen during 
gestation . with the l iv er supplying the r� aining 1 0% (Hakkarainen. 
1 97 5 ; Okai et al • •  1 978) .  The conc entration of glycogen in the liver. 
howev er .  is much higher on a per gram of wet weight bas is .  since it 
accounts  f or approximately 5 4% of the liv er dry matter at birth 
( Hakkarainen . 1 97 5) .  I t  is estimated that these normal glycogen 
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reserves within the newborn pig would meet its energy needs f or only 7 
to  8 h postpartum ( Elliot and L odge . 1 977 ) . 
Immediately af ter birth l iver glycogen l evel s rap idly decline . 
reaching a minimum within 1 2  to 1 8  h postpartum. s ince the animal is 
util iz ing thes e glycogen stores as a carbohydrate s ou rce  to meet  the 
energy demands of 
·
the body (Mersmann. 1 97 1 . 1 97 4 ; Mersmann et al • •  
1 97 2 ;  Hakkarainen . 1 97 5 ; Okai et al • •  1 97 8) . In  skel etal muscle the 
rate of glycogen decrease af ter birth is les s  rapid than in the l iver. 
with minimum l evel s reached at 36 t o  48 h postpartum ( Me rsmann. 1 97 4) . 
The slower mobil iz ation of glycogen in the muscle than in the l iver of 
the newborn pig may be an expres sion of the l es s  acut e importance of 
muscle  carbohydrate f or the neonatal pigl e t .  In addition. this could 
b e  an indication of diff erenc es in the capacity of the newborn piglet 
to  util iz e  these two energy sources (Hakkarainen. 1 97 5 ) . Muscle 
glycogen is used p rimarily to maintain body t emperature . since the body 
temperature is maintained by shivering during periods of col d  stres s 
( Mersmann. 1 97 4 ; Hakkarainen . 1 97 5 ) .  
The abil ity to  produce glucose f rom hepatic glycogen stores is 
ref l ec ted in activity level s of glycogen phosphorylas e .  The activity 
is present at birth . doubles by 1 wk and inc rease s  g radually 
thereaf ater ( Mersma nn.  197 4) . Phosphorylase was als o  activated by 
starvation in the newborn (Mersmann et al • •  1 97 2 ) . 
The exc es sive level s of tissue glycogen which are rapidly 
depl eted af ter birth emphas iz e the importance of this carbohydrate as a 
m etab ol ic f uel f or the newborn mammal (Mersmann e t  al • •  1 97 2 ) . 
F ollowing parturition a small increase in glycogen l evel s  can be  
observ ed through the f irs t week of age .  af ter which time the tissue 
glycogen values level off (Mersmann et al . ,  1 97 2 ;  Hakkarainen . 1 97 5 ) . 
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Th e  steep f all  i n  the amount of glycogen af ter birth emphasiz es 
how it c omprises an eas ily accessibl e s ource of energy at birth f or the 
metabol ically immature pigl et (Hakkarainen. 1 97 5 ) . Sinc e these 
glycogen s tores are deposited primarily during the very l as t  part of 
ges tation.  it woul d appear that this would b e  the m os t  l og ic al time f or 
dietary manipul ation of the f etal energy me tabol i sm (Yen et al . ,  1 9 83 ) . 
Gluconeogenes is is primarily an ac tiv ity of the l iver,  and to a 
l esser extent the kidney , and is most  func tional during f as ting . 
Gluconeogenic capacity is limited in the f etal animal s f rom most  
species and develops perinatally (Mersmann. 1 97 4) . For  gluconeogenesis 
to occur in any o rgan . the system requires ( a) a s ource of carbon 
skele tons . i . e . , pyruvate and lactate . (b )  a source of energy (ATP ) , 
( c )  the · proper oxidation- reduc tion state in the cytosol and in the 
mitochondria and ( d) the presenc e of all the neces sary enzymes (Bieber 
et  al • •  1 97 9 ) . 
In man. dog , pig . guinea pig and rat . gluconeogens is takes 
place to a very limited extent in f e tal l iver.  with plasma amino acids 
being used primarily f or the extensive pro tein synthes is  within th e 
f etal tissues (Girard . 1 97 5 ) . This si tua tion i s  diff erent in 
ruminants . In f etal sheep glucose .consumption acc ounts  f or only 46% of 
the oxygen consumption.  while the oxidation of am ino acids accounts f or 
25% of the oxygen c onsumption. resul ting in a high rat e  of urea 
pro duction by the fetus . The discrepancy between the gluco se 
requirement of fetal tis sues and the glucose pas sage thro ugh the 
placenta may b e  expl ained by the finding o f  an ac tiv ely func tioning 
gluconeogenes is  in the fetus o f  ruminants (Girard . 1 97 5 ) . 
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Girard ( 1 97 5 )  demonstrated that.  ev en in the rat fetus where no 
capab il ity fo r gluconeogenes is has been as sumed . fe tal gluconeogenes is 
could be induc ed by maternal starvation. 
The apparent ab senc e o f  gluconeogenes is in newb orn pigs is very 
likely coordinated with the very low level of fruc tose-1 . 6-
diphosphatas e that i s  found in the liver of newb orn pigs ( Mersmann. 
1 97 1 ) .  � e  gluconeogenic capacity in piglets inc reas es rapidly 
fol l owing parturition.  At day 1 .  pigl ets can convert lac tate to 
gluco se and at 5 d of age this oc curs readily with the c onvers ion being 
stimul ated by glu c agon.  By  5 d of age . the key gluconeogenic enzymes 
are near maximum specific ac tiv ity and liv er mitochondria hav e  
considerable capacity for the conversion o f  pyruvate t o  four carbon 
acids (Mersmann. 1 97 1 ; B ieber  et al • • 1 97 9) . Swiatek ( 197 1 )  al so 
demonstrated that the newborn pig liver has a decreas ed gluconeogenic 
capacity in comparison to older pig liver and that the low rate may 
help to explain why the neonatal pig has difficul ty in maintaining 
no rmal bl ood gluc ose wh�n fasted immediately after  birth .  
In the in vitro and in vivo (neonatal pig) experiments 
conduc ted by Helmrath and B ieber ( 1 97 4) it was not po s s ible to either 
stimul ate o r  dep ress the native gluconeogenic rates from either i ac tate 
or alanine with additio nal fatty acids . They po s tulated that within 
the first 5 d o f  life.  because of the l ow  capacity for fat ty acid 
oxidation by hepatic mitochondria . pig tissues other than the l iver 
would sel ect ively receive whatever fat ty acids were c ircul ating as an 
energy s ourc e .  By this proces s .  glucose would b e  availabl e  for the 
glucose dependent tissues . 
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Lipid Metabolism .  Although glucose constitutes an important 
energy sub s trate for most  tis sues and appears to be utiliz ed almost 
exclusively - by the fetus, the fat st ores in adipose tissue represent 
the most  economical form of energy s t orage by weight . Not only does 
fat have a greater caloric weight density than glycogen bu� in addition 
triglyceride s torage does not require the as soc iated deposition of 
nonenergy constituents such as water and ions tha t  glycogen requires 
(Harding . 1 97 1 ) . 
Lipids are pres ent both as structural entit ies . particularly 
phospholipids . and as depot stores for reserve met abol ic energy and 
insulation (Mersmann. 1 97 4) . Adipose tissue is a metabolic  organ 
composed of g roups of cells  that have been differentiated for the prime 
purpose of st oring triglycerides as a potential s ource of energy 
( Harding , 1 97 1 ) . 
Adipose tis sue is present in mammals in two forms , b rown and 
whit e .  The b rown adipose tissue cel l  contains mul tipl e small fat 
droplets  within a centr al nucleus , whereas the whi t e  adipose tis sue 
cel l  has a singl e l arge fat droplet and an ecc entric nucl eus (Dawkins 
and Hul l .  1964) . In addition t o  providing energy . whit e  adipose tis sue 
in the subcutaneous area serve as an insul ating blanket agai nst heat 
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loss and as a mechanical buf fer for muscle and vital sys t ems (Harding . 
1 97 1 ) . 
In many way s  brown adipose tissue resembles white  adipose 
tissue . They are anatomically related. they both have a high fat 
conten t  and they both have a generous blood and nerv e  supply . However. 
brown adipose tis sue differs from white adipo se tissue in that it  has a 
far g reater number of mit ochondria. a far greater abil i ty to consume 
oxygen and the phys iol ogical func tion of producing heat during cold 
expo sure (Hardman and Hull . 1 970 ) . 
Brown adipose tis sue is especially prominent in hibernating . 
co l d  adapted and most newb orn mammal s (Dawkins and Hul l . 1 -964) . Brown 
adipo se tissue is so named because of its color af ter depl e ti on of its 
t riglyceride s tores after a suitabl e stimulus . The b rown adipose 
tis sue c ell demonstrates mul tivacuolated cytopl asm with correspondingly 
greater contac t between the lipid vacuol es and the mito c hondria . The 
l arge concentration of  cytochrome-containing oxidative enzymes in the 
mitochondria of these cells becomes relatively more dense on depl etion 
o f  the cyt opl asmic fat vacuoles . thereby imparting the charact eristic 
yel l ow-brown color t o  the brown adipose tissue cell (Harding . 1 97 1 ) . 
B rown adipose tissue has attained an even more specializ ed 
funct i on in relation t o  both the characteristic s  of the adipose tissue 
c el l  and the geographic dis tribution of the organ (Harding . 1 97 1 ) . 
Because o f  the enzyme concentration and the resul t ant  co nsiderable 
capacity o f  these cells to oxidiz e fatty acids and pro b ably to  
synthesiz e  triclycerides . bo th of  which are highly exo thermic 
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pro c es ses . b rown adipo se tissue serves a unique ro l e  in heat 
pro duction.  a mechanism termed "nonshivering thermo genesis . "  B rown 
adipo s e  tissue . and to a les ser extent white adipo se tissue . is l ocated 
aro und the heart and the great ves sel s .  I t  i s  thought to perform the 
ro l e  o f  an " elect ric blanket . "  dis seminating heat to o ther vital organs 
such as the brain and liver on demand as efficiently and as rap idly as 
po s s ibl e (Harding , 1 97 1 ) . 
Brown adipose tissue in newbo rn rabbits i s  situated between the 
scapul ae and around the neck. Deposits o f  adipose tis sue are al so 
present in these regions in the adul t rabbit but are then composed o f  
whit e  adipose tissue (Dawkins and Hull , 1 96 4) . Res earch resul ts 
(Hardman et al . ,  1 96 9 )  show that the fat stored in the b rown adipose 
tissue of  young rabbits exposed to cold is preferentially used fo r heat 
pro duc tion .  When this store of fat is exhausted .  b rown adipo se tissue 
still p ro duces heat , presumably by oxidiz ing fat and gluco se taken from 
the c ircul ation .  Res earch by Dawkins and Hull ( 1964) had al s o  
suggested that brown adipo se tis sue makes a significant contribution to 
the metabolic response of newborn rabbits to co l d .  Unfortunately since 
the newborn pig has no brown fat .  its abil ity to maintain bo dy 
temperature is further complicated (Mersmann , 1 97 4) .  
A minimal consumption o f  energy is required in utero for the 
maintenance o f  body t emperature, the fetus being enveloped by an 
enviro nmental temperature gradient · that precludes any s ignificant net 
heat loss  (Harding . 1 97 1 ) . The l ate fetal pig does no t seem to 
synthesiz e l arge amounts o f  liver lipid nor do es it  synthes iz e  fatty 
acids in adipo se tissue .  since there is es sentially no depo t  fat in 
contrast  to s everal o ther species . I t  seems that placental t rans fer 
must  be a maj o r  source of fatty acids in swine until parturitio n  
(Mersmann et  a l  • •  1 97 3 ) . 
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I t  s e em s  probable that triglycerides a t  the placental bo rder 
may be acted upon by lipopro tein lipase to pro duce fat ty acids and 
o ther glycerides which may enter the placental cel l s  ( Robertso n  and 
Sprecher.  1 96 8 ) . Harding ( 1 97 1 )  also stated that i t  is unlikely that 
intact triglycerides from the maternal circul atio n  c ro s s the placenta 
without f irs t undergoing hydrolysis and sub sequent resynthesis  by the 
placenta .o r  f e tus . Therefore,  the f etus appears l argely dependent on 
fatty acids suppl ied by the maternal circulatio n ,  the placenta o r  
synthesiz ed d e  novo i n  fetal tissue . 
The degree o f  transport acro s s  the placenta and the degree o f  
fetal o r  placental synthes is o f  lipids varies with gestatio nal age . 
Apparently . earlier in pregnancy . there is mo re dependence on maternal 
l ipids to provide placental and fetal lipids ( Robe rt so n  and Sprecher. 
1 96 8 ) . 
There is an obligatory requirement fo r the plac ental transfer 
and umbil ical uptake of es sential fatty acids in all mammalian fetuses . 
The growth o f  the fetal ·brain may dep.end o n  the supply o f  long-chain 
po lyunsaturated fatty acids derived from ess enti al fatty acids ( i . e • •  
lino leic and l ino l enic acid) . Thus . b rain growth could be affect ed by 
either a l imitatio n  in the supply o f  the prec urso r  fatty acids 
transpo rted acro s s  the placenta or by decr eased synthesis (Battaglia 
and Meschia. 1 97 8 ) . 
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Acco rding to a comparative study . fat constitutes 1 6% of the 
birth weight in man. 1 0% in the guinea pig but o nly 1 . 1% in the pig and 
rat (Battaglia and Meschia. 1 97 8) . Mo st o f  this lipid in the f etal pig 
is present as cellular memb ranes (Mersmann . 1 97 4) . In addition. human 
infants po sse s s  well-developed.  white adipo se tis sue which is  absent in 
the newborn pig and rat . These differences may expl ain why the human 
newbo rn has a better tol eranc e  to pro lo nged s tarvatio n  than the newbo rn 
pig and rat (Girard . 1 97 5 ) . 
Significant increases in the lipid co ncent ratio n  o ccur during 
the f ir s t  3 d o f  life . This probably refl ects the inc reased acces s to 
l ipids via the sow ' s  milk (Hakkarainen . 1 97 5 ) . Res earch by Manners and 
McCrea ( 1963 ) indicated that the percentage o f  fat in the body· showed 
the greatest change between birth and 4 wk o f  age . ris ing from 1 . 2% o f  
empty · l ive weight to 1 8 . 3% a t  2 8  d o f  age . The pig is a no toriously 
fas t grower . It  begins to feed within a shor t time aft er birth and .  if 
all go es wel l . it  doubles its birth weight in l es s  than 1 wk and 
triples it in 10 d .  Although one of the char acteristics  o f  this 
po s tnatal gain in weight is the rapid depo sitio n  o f  fat .  there is at 
the same time a large increase in the to tal pro tein o f  the body 
(Widdowson and Crabb . 1 97 6 ) . However. the daily r ate o f  fat depo sitio n  
exce eds that o f  pro t ein from 7 d o f  age onward (Lodge et a l  • •  1 97 8) . 
Wol f e  and as sociates ( 1 97 8 )  no ted that the neonatal pig has a l imited 
abili ty to util iz e  fat as an energy sub s tr ate at birth and that the 
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util iz ation o f  fat improves with age or as a resul t of  adap tati on to 
the high l ev el of fat in the sow ' s  milk . The young pig c an eff iciently 
util iz e  certain types of fat as evidenc ed by the exc ell en t  performanc e 
on s ow ' s  milk which c ontains 35% fat on a dry matter b as i s  (Frobish 
e t  al • •  1 96 9 ) . 
As the neona tal pig develops between 0 and 2 8  d o f  age .  backfat 
increases 3 0-fol d .  whil e its lipid conc entration inc rease s  from 8 . 7  to 
7 7 . 5% .  Fat ty acid c omposition of the different tis sues i s  simil ar at 
b i rth. but s ignifican t  changes occur during the firs t week .  Backfa t in 
particul ar . changes t oward the fatty acid composition of s ow ' s  milk 
(L odge e t . al • •  1 97 8 ) . Wol fe and as soc iates ( 1 97 8) demons t �ated that 
this ac cumul ation of body fat in the neona tal pig from b ir th through 
1 4  d of age is independent of dietary fat . indicating tha t  adipose 
tis sue fat ty acids may originate from the die t or from f a t ty acid 
b iosynthe sis . 
Al though free fat ty acids account for only approximat ely 5% of 
the total fatty acids in the bl ood . they are the maj or f orm of l ipid 
immediately avail abl e  for util iz ation by c ell s .  Their rel ease from and 
inc orporation into adipose tissue is a dynamic equil ibrium influenced 
by a c ombination of humoral . nutritional and neural fac t ors (Van Duyne . 
1 96 5 ) . The util iz a tion . of fat ty acids as an oxidat ive sub strate 
yiel d ing ketone b odies and carbon dioxide occurs in the mitochondria of 
mos t  tissues (Mersmann . 1 97 4) . 
Circul ating free fat ty acid l evel s are l ow  ( 1 . 000 � Eq/1 )  
.
in the 
newb orn p ig and inc rease only slightly during s tarvation (Wol fe et al • •  
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1 97 8 ) . The newborn pig ' s  abil ity to  mobiliz e and util ize fatty acids 
in response to sta�ation must be considered in the context of low body 
fat s t orage at b irth in combination with the l imited ability to oxidiz e  
this substrate initially . The fetal pig does not have the high rates 
of l iver l ipogenesis  observed in other species (Boyd et  al • •  1 982 ) . 
Even though many body organs and tissues pos sess  the abil ity to  
synthes iz e  fatty acids from simple carbohydrate precurs ors . it  is now 
well established that . excluding the mammary gland . liver and adipose 
tissue are the princ ipal sites. (O ' Hea and Leveil le . 1 96 9 a . b ) . The 
maj or s ite of l ipogenic activity varies greatly between species . The 
l iver  is the mos t  active in humans .  the adipose tissue in 8wine and 
both the l iver and adipose tissue in rats (Mersmann et al • •  1 973 ) . 
Fetal pig adipose tissue does not synthes iz e  fatty acids t o  any 
extent . because ve ry l ittle depot fat exis ts . The l ow  degree o f  liver 
fatty ac id oxidative capac ity may al so be a maj or reas on for reduced 
gluconeogenic capacity obs erved in the neonate (Boyd et al • • . 1 9 82 ) . 
The oxidation of fatty acids to carbon dioxide and acid s olubl e 
products is an energy yielding process and occurs in the mit ochondria 
of most  tis sues (Wol fe et al • •  1 97 8) . Starved newborn p iglets produce 
small amounts of ketone bodies compared to older animal s .  providing 
in v ivo  evidence for impaired oxidation . The deficient oxidation is 
p robably the result of the l ow  mitochondrial number in the l iver at 
b irth ( Mersmann. 1 97 4) • 
Research by Wol fe et al . ( 1 97 8) suggests that during the 
development of the neonatal pi changes in the rate o f  fatty acid . 
oxidation are the resul t  of changes in the level of tis sue 
mitochondria . 
Ketone Metabolism.  The ketones are al s o  a very important 
s ource of  energy in some conditions . Acetoacetic acid. 
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-hydroxybutyric acid and acetone are cal led ketone b odie s  (Ganong . 
1 9 85 ) . However.  the term ketone bodies is often taken only t o  mean 
acetoacetic acid and B-hydroxybutyric acid . Acetone is formed by 
nonenzymatic b reakdown of acetoacetate and is conside red unlikely to  be 
important in the metabolism of the intact animal ( Robins on and 
Wil liamso� .  1 980 ) . 
During a prolonged fast or other hypoglycemic condition . the 
mammal ian body act ively produces glucose by way of gluconeogenesis . 
During this phase the body cataboliz es .
adipose tissue triacylglycerol 
t o  l iberate fatty· acids into the bl oodstream. These fatty acids are 
picked up by virtually all tissues (excluding the nervous system) and 
enter the citric acid cycle whereby they are oxidiz ed t o  carbon dioxide 
and w ater . thus releas ing energy . The l iver utiliz es  fat ty acids as an 
energy s ource by oxidiz ing them to acetyl CoA which is further 
processed into ke tone bodies . These ketone bodies are then rel eased 
int o the bl oods tream. providing an important energy source for the many 
tissue s  posses s ing the capability to further oxidiz e them via the 
c itric acid cycle (Vander et al • •  1 980 ) . The concentration o f  ketone 
bodies in the blood represents the balance between thei r  production by 
the l iver and their utilizat ion by peripheral tissues . The ketone 
b od ie s  must pas s from the bl oodstream into the tissues and en�er the 
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cells t o  reach their sites o f  metabolism. in the mit ochondria f.or 
oxidation or in the cy toplasm for util iz ation directly in l ipogenesis 
(Robinson and Williams . 1 9 80 ) . The cells . however.  are l imited in the 
amount of ketone bodies that can be oxidiz ed . B ecause of  this l imit 
the bl ood concentration of acetoacetic acid and 6-hydroxybutyric acid 
sometimes rise to  as high as 3 0  or more times the normal concentration. 
leading to  extreme acidosis (Guyton.  1 986 ) . During a ketotic state 
these ketone-s are exc re ted in the urine or are exhal ed by the lungs as 
acetone . This ace tone smell Qf the breath is  f requently used as a 
diagnost ic aid for ketosis . 
Because the maj or role of ketone b odies is t o  supply an 
alternative substrate to  glucose for peripheral tissues . espec ial ly 
nervous t issue . it would seem logical that . during t rans ition from a 
situation in which glucose is  the predominant fuel t o  one in which 
ketone b odies must play an important role .  their avail ab il ity in the 
circulation should increase in paral lel with the decrease in . tbe supply 
of carbohdyrates ( Rob inson and Williamson . 1 980 ) . I t  has also been 
shown that blood ket ones increase as the f ree fatty acid concentration 
increases . but that this increase is not l inear ( Swenson . 1 984) . 
Fast ing during late gestation results in accelerated maternal 
weight l oss . heightened l ipolysis . ketogenesis . diminished l evels of 
plasma amino acids . hypoglycemia and. enhanced elab oration o f  
cat�chol amines . In  the face of the pattern o f · accele rated starvation. 
the mammalian fetus appears well adapted to survive a maternal fast . 
That s ome of  the fetal metabolic and growth demands under  these 
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conditions might b e  met by the util ization of  ketones has been inferred 
from the finding of ketone oxidiz ing enzymes in the placent a  as well  as 
o ther  tis sues of the neonatal rat ( Shambaugh et al • •  1 977 ) . 
Findings with humans suggest that pregnancy is associated with 
an increased susceptibil ity to develop ketosis ( Paters on et  al • • 1 96 7 ) . 
In w omen fasted during the second trimester of pregnancy . 
conc entrations o f  insulin and glucose in the plasma fell t o  a greater 
exten t .  and ·ketone acid concentrations in the bl ood rose more rapidly 
than in nonpregnant control s . - Continuous glucose util iz ation by the 
conceptus may exaggerate and accelerate the metabol ic consequences  of  
starvation (Felig and Lynch .  1 97 0 ) . 
Shambaugh and Freinkel ( 1 97 6 )  have shown that ketogenesis 
during fasting in rats is also greater in pregnant than nonpregnant 
animal s .  Findings indicate that increased fat mob il iz ation and ket osis 
in fasting pregnant rats are the result of lack of insul in . Scow 
e t  al . ( 1 96 4) suggested that the high priority of the fetus for glucose 
reduce d  the maternal glucose concentration t o  a level t oo l ow  to 
stimulate insulin sec retion during fas ting . Fas ting did not alter the 
rap id g row th of the fetuses . 
Ketone bodies do c ross the placenta t o  the fetus  and higher 
c oncentrations may be found in the fetal. than the maternal circulation 
in rats (Bailey and L ockwood . 1 973 ) . Rubal telli ( 1 967 ) has also 
compiled data from human research stressing the fact that there is a 
gradient from the mother t o  the fetus . producing a t rans fer of  
acetoacetic acid in this direc ion. suggesting that the fetus is  
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capab l e  of metabol iz ing acetoacetic acid very actively . These f indings 
confirm earl ier research done by Scow and assoc iates ( 195 8 )  where the 
very c lose agreement  of ketone body level s in f etal and maternal blood 
s trongly sugges ted that ketone bodies were rapidly transferred across  
the pl acenta . They found that blood l evels of ketone bodies . glucose . 
and fats in pregnant rats were al tered by fasting and by 
pancreatectomy . The conc entration of ketones and glucose in fetal 
blood changed with maternal levels . whereas the l ipids were independent 
of maternal lev el . Consequently . ketone bodies had appeared to  cross 
the plac enta as rapidly as glucose . 
Resul ts indicate that during lactation the mammary . gland has 
the capacity to be a maj or site of ketone b ody util iz ation in the rat 
( Page and Wil liamson. 1 97 2 ) . 
General ly .  the capacity for l ong-chain fatty acid oxidation in 
the l iver of rats is l ow during fetal life .  increases sharply after 
birth . remains high during the suckling period and then fall s  after 
weaning . It  seems likely that developmental changes in the fat content 
of the diet are a maj or factor in causing the dev el opmental changes in 
the activities of the enzymes involved in fatty acid oxidation (Bail ey 
and L ockwood . 1 97 3 ) . 
McGarry and as sociates ( 197 5 )  . al s o  reported that a prerequisite 
for the accel eration of ketone body production by the l iver during 
fasting or in the diabetic state is an increas ed c apacity for the 
oxidation of l ong-chain fatty acids . In the rat the activation of 
fatty acid oxidation and the enhanced ability to  produce acetoacetic 
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and S -hydroxybutyric acids does not appear until a t  l eas t 6 h after the 
onset of fas ting but then devel ops rapidly between 6 and 9 h .  
Shambaugh e t  al . ( 1977 )  al so examined the avail ab il ity and 
utiliz ation of S -hydroxybutyric acid as an al ternate oxidative fuel in 
the fetal rat at 1 8  and 20 d ges tation . A 48-h fas t  between day s  16  
and 18  or  18  and 20  of ges tation resul ted in a 5 0% fal l  in fetal 
glucose l evel s  and a marked rise in S -hydroxybutyric acid.  i . e • • 
3 0-fold  at 1 8  d and 60-fold at 20 d .  
Apparently . after 4 to 5 d o f  fas ting . the g eneral iz ation that 
the brain ·i s  an obl igatory glucose utiliz e r  i s  no l onger  valid.  for the 
human brain begins to util iz e large quantities of ketones as well  as 
glucose as sources of energy (Vander et al • • 1 9 80 ) . Research resul ts 
of Rob inson and Wil liamson ( 19 80 )  demonstrated that glucose utiliz ation 
by the brain was decreased and ketone bodies accounted f or about 60% of 
the oxygen consumption of the brain . This change in sub strates 
util iz ed by the brain is  important to spare the l imited glucose 
supplies during fasting . s ince the human brain accounts  for 25% of the 
body energy consumption . 
The abil ity of the rat brain to utiliz e k etone b odies is 
independent of the nutritional state.  Research resul ts of Hawkins 
et al . ( 197 1 )  indicated that ketone bodies are maj or metabolic fuels of 
the b rain of the suckl ing rat under normal c onditions . In the rat 
brain .  ketone body transport increases during fasting . Ketone bodies 
are an especially important substrate during the devel opment of the 
brain when the suckling young are consuming a diet rich in fat and 
bl ood ketone body concentrations are inc reased ( Robinson and 
Wil liamson .  1 980 ) . 
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In contras t to  the rat and human . ketone b odies do  not appear 
to be an important sub s trate for the adul t brain of sheep . dog and pig . 
Al though i t  does not hold true in all cases . the l ow ketone body 
util ization by the ' b rain of these animal s is as soc iated with a small 
brain siz e  in relation to the total body weight . The rel ative demand 
for glucose . therefore . is corres pondingly lower and the refore ketone 
bodies may not be needed as an al ternative fuel ( Robins on and 
Williamson ,  1 9 80 ) . 
D iabetes . I t  has l ong been recogniz ed that the newborn infants 
of diabetic mothers show characteris tic deviations from the normal , 
including a heavie r b irth weight , hypertrophy of the islet  tissue of 
the panc reas and a tendency to be hypoglycemic during the firs t  24 h of 
life (Osler.  1 960 ; Pedersen and Osler.  1 96 1 ; Farquhar.  1 962 ) . The 
recorded instanc es of this tendency for the infan t s  of diab etic mo thers 
to have heavie r birth weights dates back to 1 82 8  ( Fa rquhar. 1 96 2 ) . 
Osl er ( 1 960 ) reported that the thicknes s  of the subcutaneous 
layer of  fat  was inc reased in the newborn infan ts of  diabetic mothers 
by 3 8  to 46% as compared with normal full term infan ts and by 5 0% as 
compared with infants of the same ges tational age as the diabetic 
infants but b orn to normal mothers . 
From the inves tigations . it may be  concluded that at birth 
those  infants born to diabetic mothers are obese .  This subcutaneous 
fat is of importance to the newborn infant  as an insul ator against heat 
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loss . In addition. this fat must be regarded as a nut rition depot . 
serving as a s ource of energy during - the f irs t 2 4  t o  72 h after birth 
( Osler.  1 96 0 ) . 
Farquhar ( 1 962 ) noted that this inc reased weight i s  clearly a 
funct ion of  the diabetic environment in which the fetus devel ops . since 
the infants of diabetic fathers do not differ s ignif icantly at birth 
from those infants of nondiabetic men .  
Heavy bab ies have al so been b o rn  t o  women that . al though not 
diabetic during pregnancy . devel oped diabetes later on in l ife . Large 
bab ies have often preceded the diagnosis of diabetes by as much as 
25 yr ( Sz abo  and Sz abo.  1 97 4) . 
J orgen Pedersen has been given c redit f or many of  the early 
hypotheses concerning this diabetic infant phenomenon. Pedersen and 
Osler ( 1 96 1 )  reported that the concept of hyperglycem ia was a primary 
fact or . in the b irth of heavier babies from diabetic mothers as compared 
to normal mothers . In this hypothesis  it was postulated that the 
chronic inc rease in fetal bl ood sugar. t rans ferred across  the placenta 
f rom the diabetic mother. resulted in increased fat synthesis  in the 
fetus ( Sz abo and Sz abo.  1 97 4) . 
This  hypothesis was widely accepted for many years . Harding 
( 1 97 1 )  stated that the fetus of the uncontrolled diabetic mother 
experiences the p roblem that the increased availab il ity of glucose f rom 
the mother stimulates excessive fat deposition and t otal growth . 
The Pedersen hypothesis has been modified in recent years . 
s ince it failed to  total ly explain the tendency for heavy bab ies to  
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precede diabetes in the mother by several years or t o  expl ain why 
diabetic mothers may als o  deliver normal or smal l-s iz ed infants ( Szabo 
and Szabo.  1 97 4) . 
Sz abo and Sz abo  ( 1 97 4) have since proposed tha t  circul atory 
maternal plasma free fatty acids are the maj or precursors of the 
triglyceride fatty acids in fe tal adipose tis sue . Maternal free fatty 
acids are transported across  the placenta and are carried in the bl ood 
of the fetus t o  the devel oping fat cel l s .  After being taken up by the 
fat cel l s .  the free fat ty acids are esterified and are incorporated 
into the adipose tis sue triglyceride pool . Since diabetics  have  higher 
plasma free fatty acid level s  than nondiabetic pregnant women . the 
gradient-dependent diffusion transfer of free fatty acids . is favored in 
these �ases . This resul ts in the inc reased availabil ity in fetal 
plasma of  free fat ty acids to  be taken· up by the adipocyt es . 
The maternal plasma glucose l evel . however.  does s till play a 
key rol e in this process .  as it serves as the primary sub st rate for the 
product ion of a-glycerophosphate which is neces sary for the 
esterif ication of free fat ty acids . Thus .  hyperglyc emia and 
hyperinsul inemia in the fetuses of diabetic mothers may facil itate the 
esterification process  in the fetal adipocy tes ( Sz abo  and Sz abo . 1 97 4) . 
Experimental Al teration of  Energy Metabolism 
Dietary Rest riction. Throughout the past f ew  years . a 
· considerabl e amount of research has been conduct ed t o  evaluate the 
effect of fasting the gestating s ow .  or gil t .  on her s ub sequent 
reproductive  performanc e .  During the fasting period . the s ow  i s  forced 
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t o  switch f rom her normal nut ritional carbohydrate metabolism t o  a 
phys iological l ipid and t o  a les ser extent carbohydrate metabol ism. 
This .  in turn. should al ter the normal placenta t ran s fer o f  glucose to 
a t ransfe r  of  �ree fatty acids and ketones to sati s fy the metabol ic 
demands of the devel oping fetuses . 
Pond and as s oc iates ( 1 969)  conducted research t o  s tudy the 
effec·t of dietary protein deprivation during various s tages · of 
gestation in the g il t  on the subsequent devel opment of her offspring . 
All gil t s  fed the p rotein-free diet during any part of  gestation l ost  
weight . All control g il t s  gained weight . L it ter s iz e  was not affect ed 
by t reatment . B irth weight and postnatal growth rate were 
s ignif icantly reduced only in the progeny of the g il ts fed the 
protein- free diet from day 4 postbreeding through t o  parturition . 
Protein- res t ricted diets ( 2% )  were fed t o  g il ts  f rom day 1 5  
post farrowing t o  parturition by DeGeeter e t  al . ( 1 97 0 ) . The number of 
t otal and l ive p igs farrowed and b irth weights did not differ 
s ignificantly between gil ts fed the protein- restricted diet and the 
g il t s  fed the control diet ( 17% protein) . There were al s o  no 
differences  between the l itters of the two treatment groups in percent 
survival and gain t o  2 and 8 wk of age . 
Anderson ( 197 0) conducted a series o f  s tudies t o  investigate 
the factors affecting s tored energy level s at  b i rth and the changes in 
- energy s ources during early neonatal life . As c ompared with pigs from 
g il ts that gained 0 t o  1 0  kg of body weight during gestation. those 
g il t s  gaining 10 t o  20 kg duri. g ges tation produced  pigs w ith higher 
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liver glycogen and t otal b ody ash and l ower liver fat .  blood re�ucing 
sugar l evels and total body fat at birth . Feeding gil ts either 5 . 924.  
6 . 1 83 or 6 . 97 5  Kcal of ME pe r day for 1 0  d prior to farrowing had no 
effect on l iver or muscle  glycogen . liver fat or moi sture of the 
neonatal pig . Gil ts fed at a l evel of 2 , 000 Kcal of ME more than their 
res ting metabol ic requirement per day for 10 d prior t o  farrowing 
produced pigs with a slower growth rate to 7 2  h of age than .gil t s  fed 
either at their res ting metabolic requirement or metabolic requirement 
plus 1 , 000 Kcal per . day . 
Atinmo et  al . ( 1 97 4a . b )  studied the effects  of  feeding 
restricted energy ( . 91 vs 1 . 82 kg/d)  or res tricted protein ( 9 . 0  vs 
3 23 . 0 g/d) on the bl ood constituents and reproductive performanc e of 
pregnant gil ts . There were no significant differences between g roups 
in blood glucose and pl asma free fatty .acids . and both groups show ed a 
significant increase in bl ood glucose after 1 0  wk . Birth w.eight was 
signif ic antly l ower in the protein-res tricted group compared to the 
control and energy-res t ricted groups . They concluded that changes in 
blood glucose and pl asma free fatty acid l evel s were not sensitive  
indic es of  energy needs in  energy- or  protein-res trict ed pregnant 
gil t s . 
Using dieta17 energy level s of. 3 . 000 , 4 , 000 .  5 . 000 . 6 . 000  and 
7 . 000  Kcal daily , Libal ( 197 4) conducted two experiments to  evaluate 
metaboliz abl e energy l evels of gestat�ng sow s .  Tw o  o f  the three trial s 
in the f irst experiment were winter trial s .  I n  these trial s ,  none of 
the energy level s  evaluated (3 , 000 , 4 , 000 . 5 . 000 and 6 , 000  Kcal daily) 
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were adequate under the conditions of the expe riment . Sows on al l 
treatments l ost weight during gestation and f ive  animal s died o f  
emaciation. In the summer - trial . little diffe rence w as obs erved among 
dietary treatments .  All sows gained weight during gestation �nd pig 
produc tion was approximately equal among t reatments . In expe riment 2 
( three trial s ) . ges tation weight gains were approximately twice as 
great for the summe r  t rial s as for the winte r  t rial . with 6 . 000 Kcal of 
ME producing - the largest gain . It appe ared that 4 . 000 Kcal of ME was 
inadequate during the winter and only marginal during the summer in 
terms of gestation weight gain. A significant l inear dec rease  in the 
numbe r  of l ive pigs born due to treatment was observed as the energy 
level s increased f rom 4 . 000 to 7 . 000 Kcal ME .  and the number of  
stillborn p igs was positively correlated with gestation w eight gain . 
The heav iest  ave rage pig birth weights resul ted from s ow s  receiving 
6 . 000 and 7 . 000 Kcal ME daily . No differences  were obse rv ed in the 
number of pigs w eaned.  
In a s tudy conducted by Elliot and L odge ( 1 97 7 ) . sows were 
g iven either . 45 or 2 . 27 kg of feed per day from day 1 00 of  gestation 
until farrowing t o  determine if short- term nut ritional s t res s  during 
late p regnancy affected the energy reserves or body composition of 
their piglets a t  birth or during the early postnatal period ( 96 h) . 
Al though the level of feeding from day 1 00 of gest at ion s ignificantly 
.affect ed the weight change of the- sows to farrowing . it did not affect 
the birth weight of the piglets . their muscle  glyc ogen l evels or their 
body composition. It appeared that a severe restriction of  the protein 
J 
and energy intake of the s ow  had relatively little effect  on the 
parameters measured . 
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Pregnant gil ts were fasted f rom day s  9 2  t o  1 1 2 in research 
conducted by Kas ser and as s oc iates ( 1 97 8) . Those g il ts in the fasted 
treatment group had serum bl ood glucose level s that were l ower ( 49 . 2  vs 
83 . 5  mg/ dl ) than those of the control t reatment group throughout the 
treatment period . Piglet body weight at day 1 1 2  of ges tation did not 
differ between t reatment groups . Pigl et  backfat thicknes s was 
significantly greater ( 5 . 1 6  vs . 3 . 6 6  mm) for those pigs born to the 
fasted gilts . They concluded that these s tudies suggest that maternal 
fasting can be ef fective in al tering fetal body energy stores and that 
it may be effective in al tering glucose homeostasis and b aby pig 
survival . 
Anderson e t  al . ( 1 97 9 ) subj ecte.d pregnant g il t s  t o  a 40-d fast 
from either days 30 to 70 or days 70  to 1 1 0  of ges t ation. Pregnancies 
were maintained in 81% of the gilts  subj ected to the fas t .  Fetal 
survival rates. averaged 65% in the fasted dams c ompared t o  63% in the 
control s .  Fetal growth was reduced by maternal starvation during the 
middle third but not the l as t  third of ges t ation. The results of this 
investigation on pigs subj ected to prolonged starvation during either 
the middle third or l ast  third of pregnancy indicates that maternal 
components are mobil iz ed f or relatively normal fetal survival rates and 
.fetal-placental grow th in spite of severe body · weight loss  of the dam. 
In a simil ar t rial . Hard and Anderson ( 1 97 9 )  again subj ected 
gestating gil ts t o  a 40-d fast during the second o r  third t rimester of 
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gestation.  Pregnanc ies were maintained in 7 4% of  the fasted g il ts .  At 
parturition. l it ter s iz e  in the fasted dams ( 9 . 4) was similar t o  that 
of the full-die t  control s ( 8 . 0 ) . although the birth weight and neonatal 
growth rate o f  the pigl ets were reduced markedly f rom dams fasted in 
either middl e or late pregnancy . Maternal nutrient deprivation imposed 
a s ignificant detrimental effect on birth weight and neonatal growth 
rate t o  80 d of  age . As a part of these same trials . Kertil es e t  al . 
( 1 97 9 ) reported that maternal serum component s were sus tained at 
adequate level s t o  maintain normal fetal devel opment during a p rol onged 
gest ational fas t .  The gil ts from these litters were retained . raised.  
rebred and evaluated for  their subsequent reproductive performance . 
The resul ts indicated that brie f segments of  maternal nutrient 
depriv ation during the middle or l ate pregnancy had l ittle de trimental 
effect on pos tweaning growth rate and reproduction of gil t s  (Hard and 
Anderson.  1 982 ) . 
Oj amaa et al . ( 1 980 )  fed gil ts either 1 . 3 6  or . 45 kg of a 
gestation diet from day 85 of gestation to  farrowing . The feeding 
level s igni f icantly affected the gestation weight of the dam during the 
expe rimental pe riod such that the restricted gilts  l ost 3 . 2 kg whil e 
the control gil ts gained 1 5 . 0  kg . Although not s ignificantly l ower.  
the gestation period tended to  be shorter and the t otal l itter weight 
tended to be lower in the restricted group . Litter s iz e  was similar 
between t reatment groups . Restriction of the dam ' s  gestation feed . 
s igni ficantly reduced individual pig birth weights . l iver weights and 
skeletal muscle  weights and tended to reduce .  al though not 
significantly . the liver and muscle glycogen conc entrati ons . 
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Yen and associates ( 19 81 . 1 9 82 )  fasted sow s  f or ei ther 4 d 
( days 95 to  9 8  of gestation) or 8 d (days 91  t o  9 8  of gestation) . 
These fasting periods were followed by refeeding ad l ib itum a fat-free 
diet during l ate pregnancy . Fasting for either 4 or 8 d during l ate 
gestation produced a signif icantly increased average daily feed intake 
during the refeeding period but fail ed to affect fetal b ody or liver 
weight or fetal or maternal tissue glycogen content . They concluded 
that maternal fas ting foll owed by refeeding appeared to be of no value 
in improving piglet survival in early postna tal life . 
Ez ekwe ( 1981 ) compared the ef fects  of fas ting s ows  for 7 d 
( day s 1 07 t o  1 1 4  of gestation) and 21  d (days  93 t o  1 14 of  ges tation) 
against control sows . L itter siz e.  ges tation l ength and pig b i rth 
weight did not differ significantly be tween the three groups . Al though 
liver weight w as significantly depres sed in the fasted groups . the 
l iver glycogen conc entrations and total liver glycogen w ere unaf fected . 
Maternal bl ood glucose decreased to a fas t ing but s t eady l evel . whil e 
the free fatty acid conc entration inc reased in the two fasting groups .  
Blood glucose and free fatty acids a t  birth were s imil ar for al l 
treatment group s .  Although not significantly dif ferent . the control 
progeny at 48  h showed a fast er glucose util iz ation .  suggesting a 
greater dependence on carbohydrate metabol i sm than in the progeny of 
the fasted dams . The survival rate following a 7 2-h fast was higher 
among the 21-d fasted ( 43 . 8% ) and 7-d fasted ( 37 . 5% )  progeny than among 
the control p rogeny ( 8 . 5% ) . The increased plasma f ree fatty acids 
level obse rved w ith fas ting in the progeny of the fas t ed dams might 
indicate a shift toward l ipid me tabol ism. which would accourtt for the 
improved surv ival obs e rved among the progeny of the fas ted dams . 
D rugs . A wide as sortment of drugs have been used in res earch 
treatments  t o  experimental ly al ter the energy metabol ism of ges t ating 
sows and gil ts .  
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Adding chl orpropamide at a rate of 1 . 000 ppm or  3 . 000 ppm t o  
the gestation d iet of  gil ts  significantly reduced the ges t ation w eight 
gain of these gil ts  (Wachholz . 1 97 2 ) . Average l it ter s iz e  and pe rcent 
embryo survival were not s ignificantly affected . al though there w as a 
trend t oward improved embryo survival with chl orpropamide 
suppl ementation. The addition of chlorpropamide to the gest at ion die t  
did n o t  affect maternal bl ood glucose or f ruct ose l ev els .  Fetal 
weights  were s ignificantly reduced in those pigs from gil t s  fed 
chl orpropamide . with this reduction being related t o  the level o f  drug 
fed . Blood f ructose l evel s  of the fetal pigs were not influence d  by 
treatment . However. bl ood glucose level s were higher in the pigs from 
treated  g il t s . 
Researchers at the University of Kentucky have experimented 
with the addition o f  t riamcinolone . a synthetic glucocorticoid . t o  the 
gestation diets of s ow s  ( 7 0  mg • sow-1 - d-1 ) . Feeding t riamcinolone f rom 
day 1 07 of  gestation until farrowing increased the f at content of the 
s ow ' s  milk but did not influence the postpartum l evel s of cortisol . 
free fatty acids and glucose in th s ow . Birth weights .  body weight 
mean s  of  producing insul in deficiency in laboratory animal s (Meyers 
et  al • •  1 97 8 ) . 
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Ange rval l et al . ( 1 96 5 )  demonstrated that the ove rweight 
newb orns of alloxan diabetic rats showed higher neutral fat content and 
lower chol est rol content than control s.  No significant differences in 
t otal fats , phospholipids and water content were demonst rated b etween 
groups . An increase in the neut ral fat content without an inc rease of 
other l ipids sugges t s  an inc rease in the amount of depot fat . 
Ez ekwe and Mart in ( 1 97 8 ) inj ected pregnant gil ts w ith al loxan 
(50 mg/kg of b ody weight ) on day 7 0  of gestation. The fetal p igs were 
delivered by hysterectomy at 1 1 2  d gestation. The body weight of the 
fetal p igs was not al tered.  However, the l iver weight and t otal l iver 
glycogen content w e re s ignificantly el evated in the progeny of the 
diabe tic gil t s .  The resul ts indicated that the extra glucose available 
for the fetuses was util ized for l iver cell hyperpl asia,  glycogen 
product ion and prot ein synthesis . Ez ekwe and Martin ( 1 9 80 )  further 
reported that maternal diabe tes significantly increas ed fe tal body fat , 
serum glucose and fruct ose l evel s . 
Kasser and as s oc iates ( 1 97 8) inj ected pregnant gil t s  w ith 40 mg 
alloxan per kg of b ody weight on day 7 8  of gestation.  Serum bl ood 
glucose level s from the diabe tic gil ts were significantly higher during 
gestation as compared to the control or fas ted gilts . Ges t at ion 
treatment of  the dams did not affect fetal body weight at  1 12-d 
gestat ion. However,  l iver weights were significantly higher for the 
progeny of the diabetic gil ts .  Proge y of the diabetic g il ts  had an 
d 
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average b ackfat thicknes s equal t o  that of the fas ted t reatment group 
and greater than that of the control s .  Kas ser et al . ( 1 9 81 b )  rep orted 
that both maternal fasting and alloxan diabetes increas ed adipose 
tissue thicknes s  in fetuses at 1 1 2  d of gestatio� w ithout altering body 
weight . Body fat was inc reased quantitatively only in the fetuses from 
the diabetic gil ts .  Fetal and maternal hepatic fatty acid synthes e s  
were unaffected by the treatments .  They concluded that these 
observations supported the concept that fetal adipose de novo  fatty 
acid sny thes is is stimulated by diabetic pregnancies  and is  a p rimary 
mechan ism by which inc reased lipid accumulates in the fetus . 
Kas ser ( 1 9 82 )  later showed that . when pig fetus e s  were removed 
from g il ts on day 1 1 2  of ges tation. the fetuses from diabetic g il ts  had 
stored three times as much fat as the fetuses from nondiabeti c  g il t s .  
In addition t o  st oring more fat . the fetuses from diabetic gil ts  had 
increased the thicknes s  of  backfat in comparison t o  the normal fetuses . 
This accumulation o f  fat was al so associated with a change in the cell 
structure of the backfat toward what would be  more s imilar to 3 -d- ol d 
pigs rather than the normal fetal pig .  The backfat cel l s  of  the 
fetus e s  from the diabetic g il ts contained one large dropl et of  fat as 
compared with many small droplets of fat in the backfat cells from 
normal fetuse s .  This one large droplet would be  an indication o f  a 
more mature backfat tissue . The neonatal pigs from the diabetic g il t s  
were al s o  able to maintain bl ood glucose l evel s better and s urv ive 
longe r  during a fast compared with the neonatal pigs from normal g il t s .  
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The drug which has recently received the greates t a ttention of 
researchers working to al ter the energy metabolism of ges tating sows 
and gil ts  is  1 . 3 -but anediol . Because of its  properties . 1 . 3-butanediol 
ing es t ed during ges t ation by the sow may improve the physiol ogical 
wel l-being of the sow and the amount of energy reserves and col ostrol 
nutrients  availabl e to  the neonatal pig . Nut ritionally . 
1 . 3 -butanediol . a stable .  essentially odorles s .  nonvol atil e l iquid . is 
a palatabl e cal orie-dense (6 Kcal ME/g) . synthetic energy s ource that 
is readily absorbed and me tab olized in monogas tric and ruminant 
animal s .  Metabolically . 1 . 3 -butanediol el icits an anes the ti c  response 
in animal s .  possesses antimicrobial and antifungal properties and is a 
direct ketone precursor (NFIA Fats and Energy Institute .  1 9 85 ) . Other 
commonly used names for 1 . 3-butanediol include 1 . 3 -butylene glyc ol and 
6-butyleneglycol . 
The upper l imit for the inclusion of 1 . 3-butanediol in animal 
diets  is considered to be 20% (Dymsz a.  1 97 5 ; Rosmos e t  al • •  1 97 5 a) . 
Dogs fed 20% 1 . 3 -butanediol can maintain sustained muscul ar work on 
treadmil l s .  but l arger amounts can resul t  in incoordination due to  a 
narcotic effect c ommon to glycol s (Dymsz a .  1 97 5 ) . B ody weight g ain and 
energy intake of b oth pigs and chicks were depres sed when the dietary 
energy derived f rom 1 . 3-butanediol exceeded about 2 0% ( Rosmos e t  al • •  
1 97 5b) . Feeding various l evels of 1 . 3 -butanediol for as l ong as 3 0  wk 
showed that rats were abl e  to tolerate up to  2 0% in the diet w ithout a 
decrease in feed efficiency (Miller and Dymsz a.  1 967 ) . 
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S tahly et al . ( 1 9 81 )  studied the ef fec t  of sow milk composition 
on the rate , composition and efficiency of gain in neonatal pigs . A 
basal gestation diet was suppl emented with isocaloric amounts of either 
starch, l ard or 1 , 3 -butanediol from day 1 06 of gestation through 
parturition .  Fat concentrations in the milk were simil ar f o r  sows from 
the starch and 1 , 3 -butanediol treatment groups and higher in the sows 
from the l ard treatment groups . Fat and energy deposition were 
increased in the pigs from the lard-treated sows . The rate and 
c omposition of gain were simil ar for pigs receiving milk f rom sows  fed 
s tarch or 1 , 3 -butanediol . In a simil ar trial ( Stahly e t  al • •  1 982 ) the 
number of pigs b orn alive and average pig weights at b irth were not 
al tered by the prepartal , dietary energy source ( starch , lard or 
1 , 3-butanediol ) .  The number  of pigs weaned per lit ter was increased by 
the addition of 1 , 3 -but anediol to the sow ' s  die t . Howev er,  these pigs 
al so w eighed l es s  at  weaning . Percent survivabil ity of pigs from birth 
to weaning was increased in the 1 , 3-butanediol and l ard groups as 
compared to the s t arch groups .  Milk intake was not  influenc ed by the 
sow ' s  dietary energy s ource .  
Steel e and as s oc iates ( 1 981 ) compared the f eeding o f  cerelose 
and 1 , 3 -butanediol at 20% of the diet to ges tating gil ts . Lit ter siz e ,  
fetal weight , l iver and brain size ,  liver lipid c ontent  and carcas s 
lipid and ash content on day 1 05 of gestation were not al t ered by 
maternal dietary t reatmen t .  Carcas s glycogen conten t  decreased as a 
resul t  of ket ogenic energy sub stitution, whereas l iver glycogen t ended 
to be greater in the fetuses from the sows fed 1 , 3-but anediol . 
·- Gestation t reatment had no  effect on l it ter siz e .  number stillb orn or 
preweaning mortal ity rate . The substantial improvement in lactation 
weight gains from the 1 .3 -butanediol-treated dams may suggest- a 
carryover effect of the gestation dietary treatment on l actation 
performance ( Steele et  al . ,  1 984) . 
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Cornell  Univers ity researchers ( Spence et al • •  1 9 83 ) evaluated 
the ef fect of adding 1 .3 -but anediol diets beginning on day 90 of 
gestation.  On day 1 02 of ges tation, sows receiving 1 .3 -but anediol had 
a l ower ( not s ignificant ) bl ood glucose concentration and a higher 
concentration of 6-hyd roxybutryic acid . Newborn pigs from 
1 ,3 -butanediol and acetate-lactate-treated s ows had more l iver glycogen 
than those  pigs  from control sows . Glucose level s in the pigs at birth 
were s imilar between the 1 ,3 -butanediol and acetate-lactate groups and 
higher in the control s .  Plasma free fatty acid concentrations did not 
vary between groups when the pigs were subj ected to a fas t .  However. 
pigs in the 1 , 3 -but anediol and acetate-lactate g roups maintained a 
higher glucose concentration throughout a fas t .  B oyd et  al . ( 1 9 84 ) 
stated that thes e  data suggest that pigs farrowed by s ows fed 
1 . 3 -but anediol or acetate-l actate prepartum would remain viable f or a 
longer period of  time if  they were unable to e f fectively compete . Sows 
receiv ing 1 , 3 -butanediol had .3 pig per l it ter more than control sows , 
which averaged approximately 84% survival . It  appears that maximum 
liver gly cogen elevation can be achieved by supplementation 5 t o  7 d 
prior to  farrowing . 
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The prepartal ingestion of 1 , 3-butanediol by the sow does not 
appear to significantly al ter the level , composition or nutrit ive value 
of the colostrum and milk produced by the sow in early l actation. Nor 
. does it appear to have any detrimental carryover effect on the pigs or 
sow ( NFIA Fats and Energy Institute ,  1 9 85 ) . 
B oyd and as s ociates ( 1 9 85 ) also  stated that there is  c ompell ing 
evidence that growth hormone occupies a key rol e in de termining how 
nutrients are partiti oned for growth and milk production . A s imil ar 
effect  in direc ting glucose and free fatty acids to the fetus during 
l ate pregnancy could be important for energy st orage . In  a related 
study the researchers adminis tered pituitary-derived swine growth 
hormone to  sows during the l ast  2 wk of gestati on through a 2 1-d 
lac t ation period . This resul ted in a slight increase in circulating 
glucose  late in ges tati on and a marked inc rease in fatty acids until 
mid-lac tation. Plasma glucose was consistently higher at birth and 
throughout a postpartum fast for pigs derived from s ows receiving 
growth hormone . Administration of growth hormone resul ted in a 26% 
increase in cholesterol fat , producing col ostrum with a g reater energy 
density .  Sows receiving growth hormone had simil ar milk y ields when 
compared to control sows during week two of lactati on ,  but production 
at 3 wk was 15% greater f or those sows receiving grow th hormone . 
However, this inc rease in milk production was not suffic i ent t o  produce 
an increase in weaning weight . These researchers stated that this 
s tudy provided evidence that the administration of growth hormone 
· during l ate gestation markedly improved the vigor of l es s  compe t i t ive 
pigs . 
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Dietary Energy Supplementation. During recent years . ext ensive 
research has been direct ed toward s tudy ing the reproduct iv e  perf o rmance 
in sw ine resul ting f rom the supplementation of the ges tation die t w ith 
a s ource of  dietary energy . Such research proj ects have general ly 
attempted  t o  increase the fat content , consequently inc reas ing the 
energy density . of the milk and t o  increase the deposition of ad ipose 
tissue in the fetuses during late gestation . 
Sows fed a corn-s oybean meal diet containing 1 0% corn oil  from 
the 1 09 th d of  ges tation and throughout lactation were compared t o  
thos e  fed an isocaloric ,  isonitrogenous die t  low in fat (Miller e t  al . ,  
1 97 1 ) . The feeding of corn oil significantly increased the percentage 
of l inole ic acid in both colostral- and milk-fat . By 3 wk of age , 
nurs ing pigs ' adipose tis sue fatty acids cl osely resembled those in the 
milk being consumed.  There were no differences in pig wei ght g ains t o  
5 wk of  age . 
Friend ( 1 97 4) fed a basal diet with 1 0% corn oil t o  s ow s  for 
5 d bef ore farrowing and the sub sequent 35  d of lactat ion . The 
percentage fat in the colostrum was l ower than that of the subsequent 
milk .  Howeve r,  the feeding o f  fat t o  sows increased the fat  content of 
the milk. B irth weights and 35-d post farrowing weights were g reater 
for the p igs  fed 1 0% corn starch as compared to  1 0% corn oil . At 3 5  d 
of age ,  there was a marked increase in the carcass fat and l inol eic  . 
acid c ontent of the corn oil-fed pigs . 
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In a University o f  Georgia study ( Seerl ey et a l  • •  1 97 4) . 
supplementing gestation diets from day 1 09 of gestation until 
parturition with corn oil did not significantly inc reas e the overall 
survival rate to  2 1  d of age . However. a higher percentage of  pigl ets 
under 1 kg birth weight in the corn oil group survived t o  21 d .  These 
pigs al so  had more carcass l ipids and were more thermostabl e at  5 4  h of 
age than the control and corn starch-fed piglets . 
Wahl st rom a�d Libal ( 197 6 )  suppl emented gil t and s ow  diets with 
corn oil ( high energy ) during the last 4 wk of ges tation and the f irst 
week of l actation. Sow s  rec eiving the corn oil farrowed heavier but 
fewer pigs . Litter weights were slightly greater when dams were fed 
c orn oil . Pig survival at 7 d was greater for gil t s  receiving the corn 
oil diet compared to  the gil ts receiving the low energy die t and 
s imilar between the two sow groups . 
Colostrum from corn oil-fed sows was higher in energy and 
percentage total l ipids as compared to sows fed corn starch in a s tudy 
conducted by Bertsch et al . ( 1 97 6 ) . Suppl ementing ges tation diets 
after day 1 09 of ges tation with supplemental energy in the form of corn 
starch or lard ( Seerl ey et al • •  197 6 )  did not have a signif icant effect 
on the sow ' s  milk l evel s  of crude protein . energy or t otal l ipids . 
Dietary treatments did not differ significantly in daily gain o f  pigs 
or percent survival . 
Suppl ementing sow diets from day 1 09 of gestation through 2 wk 
of  l ac tation w ith tal low ( 15% ) inc reased pigl et survival at 1 and 2 wk 
of age ( Cast et  al • •  1 977 ) . The combination of choline and tal l ow  · 
tended to  inc rease pigle t  survival when compared only to t al l ow . 
Tallow significantly increas ed milk fat when c ompared t o  the control . 
However.  dietary treatment did not significantly affect the bl o od 
glucose l evel s  of the pigl ets . 
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Okai and as sociates ( 1 977 ) fed sows a control diet  at 2 kg per 
day or ad l ib itum or diets  c ontaining 10% added sucrose or  10% 
stabil iz ed tallow from day 1 00 of ges tation until parturiti on .  The 
level of nut rient intake or source of energy in the sow ' s  diet did not 
significantly influence the numb er or weight of pigs born or the number 
of pigs weaned . The surv ival of pigs with les s  than 1 . 0 kg birth 
weight was significantly greater for sows fed ad l ibitum . At w eaning . 
pigs from sow s  fed sucrose were significantly heavier than those from 
sows receiving the other treatments . 
B oyd and assoc iates ( 1 97 8a) studied the effect of  additional 
energy in the f orm of tallow administered to sows from the 1 09 th d ·of  
ges tation through l actation on various bl ood cons tituents . Pigl ets 
from dams fed tal l ow  had a higher glucose conc entration at  birth and at 
2 and 24 h after birth c ompared to piglets in the control group . In 
another trial blood sampl es taken at 1 10 d ges tation from sows  fed 
tallow had a higher free fatty acid concentration when compared to  dams 
receiving corn starch . In a simil ar study (Boyd et  al • •  1 97 8b ) the 
addition of tallow to the diets of dams during the ges tation period 
increased the fat content of the col ostrum compared to  dams fed the 
control and corn s tarch diets . but this inc rease was not sustained 
throughout l ac tation. Administrati on of tallow immediately fol l owing 
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parturition inc reased milk fat for the entire l actati on period in 
comparison to  the controls .  Survivabil ity for pigl ets  derived f rom 
sows receiving tal l ow  was higher but not signif icantly higher when 
c ompared to  the control s .  Adding 8% tallow to the gestation diet on 
day 1 00 of gestation inc reased glucose homeostasis  in pigs  fas t ed from 
birth (Boyd et  al • •  1 97 9a) . In a separate expe riment . an 8% addition 
of  tal low to the gestation diet appeared to  improve individual pig and 
litter weight gain t o  2 1  d postfarrowing (Boyd et al • •  1 97 9b ) . 
Seerl ey and as sociates ( 1 97 8a) on day 1 04 of ges tation 
suppl emented die ts with isocaloric amounts of corn starch or animal 
fat . Col ostrum and milk from sows fed animal fat had higher 
percentages of  total l ipids during the first 6 d pos tpartum than from 
sows fed corn starch . Feeding corn oil to sows for 5 d prior t o  
parturition inc reased the energy content and percentage of  l ipids in 
the colostrum but · did not cause different percentages of pig carcas s 
glycogen or t otal l ipids at birth ( Seerl ey et al • • 1 97 8b ) . 
Beginning an average of 9 d prepartum. Bishop and ass oc i ates 
( 197 9 )  supplemented sow ges tation diets with corn starch or s oybean 
oil . No signific ant differences were noted between t reatments f or l ive 
pigs per l itter at birth. average pig weight s at birth or 1 4  and 28 d 
postpartum or in percent pig survival at 1 4  d postpartum . The f at 
content of the sow c ol ostrum and the pig carcas ses  was inc reased  in the 
sow s  f ed s oybean meal . Percent liver glycogen in the newborn pigs  was 
not affected by sow diet . 
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L ibal and Wahl strom ( 1 97 9 ) added 1 0% yellow grease to their 
standard l ac tation diet and fed this from 7 d prepartum t o  the end of a 
2 1-d l ac tation . No signif icant differenc es between dietary treatment 
groups were observed for pig birth weight . l itter weight or pig growth 
until 2 1  d of  age .  They found no advantage t o  adding fat a s  1 0% yellow 
grease to  s ow diets f or increasing reproductive efficiency .  
Seerl ey and as sociates ( 19 81 )  suppl emented gestati on diets 
beginning on day 1 09 of ges tation with 1 0% corn oil or 1 0% animal fat .  
Baby pig survival and li tter weight were improved by suppl emental fat . 
Lipid feeding increased survival by 1 8 . 5% among the pigl e t s  weighing 
less  than 909 g .  The feeding of corn oil significantly af fect ed 
percentages of carcas s fatty acids and the percentage of fat ty acids in 
the milk . Data pres ented by Kas ser et  al . ( 19 81 a) suggest ed that 
feeding fat to ges tating sows  may improve baby pig survival by 
decreasing maternal tis sue glucose clearanc e and inc reas ing the amount 
of glucose avail abl e to the fetuses . Glucose clearanc e rates had 
decreased with inc reas ing l evel s of dietary fat and increased with 
increasing l evel s  of  dietary corn starch . 
Kepl er ( 1 981 ) suppl emented sow diets from day 1 00 of ges tation 
through 1 4  d of lac tation with _ O .  25 and 50% ground sunflower seeds . 
Increasing the l evel of sunfl ower seeds in the diet  resul t ed in a 
significant l inear inc rease in percent milk fat at  1 and 2 wk of 
lactation . Dietary treatment of the dam did not s ignifican tly affect 
the number  of pigs born. birth weight . growth rate or pigle t  survival . 
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From day 1 00 of gestati on until parturition ,  Pond and 
ass oc iates ( 19 81 ) fed either a basal diet or the basal diet 
supplemented with corn starch which doubled the energy c ontent of the 
basal diet ( 1 2 , 000 vs 6 , 000 Kcal DE/ d) . Energy intake during gestation 
had no effect on individual pig birth weight , percent pig survival or 
2 8-d b ody weight . 
Boyd and as s ociates ( 1 9 81 )  fed sows a diet containing 8% 
bl eachable fancy tal l ow  beginning on day 1 00 of  ges tation.  The pigs 
derived from the tal l ow- fed sows maintained a slightly higher glucose 
conc entration during the initial 2 4  h of a fas t ,  after which no 
diff erenc e was observed . Control pigs reached a peak free fatty acid 
c onc entration by 12 h, whereas the tallow group reached a maximum by 
2 4  h, which corresponded with the declining glucose c onc entration .  
Bl ood glucose was inc reased a t  birth i n  pigs from s ow s  fed fat 
for 3 5  d prepartum , whereas bl ood glucose was not different in the pigs 
from sows fed fat for 5 d prepartum ( Coffey et al . ,  1 9 82 ) . 
Beta-hydroxybutyrate was highest in blood from pigs in the fat- fed 
group after a 48-h fas t ,  which was an indicati on of inc reas ed fat 
metab ol ism. 
A cooperative  regional study involving 848 sows was conducted 
at s ix experiment s tations t o  as sess the ef fec ts of feeding s ow s  
additional feed ( +1 . 3 6  kg/d )  during the final 2 3  d o f  ges tati on 
( Cromwel l et  al . ,  1 9 82 ) . The average weight of t otal and l ive  pigs at 
b irth ( adj usted f or litter s iz e ) was greater f or pigs from sows fed 
ext ra feed . Treated s ows al so  weaned more and heav ie r  pigs . which 
resul ted in an increase in p ig survival for this g roup as wel l .  
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Sub s titut ion of a casein-encapsulated white g rease product for 
corn ( increase in die t  fat by 1 5% )  from day 1 09 of gest ation through 
day 21 of lact ation increased pigl et weight gain and piglet  survival of 
l ive born pigs to 21 d of age ( Cieslak et al . , 1 983 ) . Feeding a high 
fat suppl ement increased piglet  survival during the f irst 3 d of age 
and again at 9 d . · Pigl et survival was most  enhanced at birth weight s 
between 700 and 1 , 1 00 g .  
Crawford and as sociates ( 1 983 )  fed gestat ion diets  c ontaining 
either 2 9% corn starch or 1 1 . 1% of both poul try fat and sucrose . 
Piglet  survival was s ignificantly greater for the poul t ry fat and 
sucrose g roup compared t o  the control group. All pigl et  weight s taken 
throughout lactation were significantly higher in the control g roup . 
Milk l ipid content , t ot al energy and milk volume did not vary between 
groups . 
Maternal energy intake during late gestation ( 6 . 000 Kcal DE/ d 
vs 1 2 , 000 Kcal DE/d )  had no effect on pig birth weight , number of  pigs 
per l it ter at birth.  2 8-d weight and survival rate when Yen and 
· ass ociates ( 1 9 83 )  supplemented sow diets with corn starch . 
Kveragas and ass ociates ( 1 9 84) supplemented s ow  diets  during 
the las t  14 d of  ges tation with supplemental glucose,  fruct ose and fat ,  
singly and in comb ination. The number of pigs born al ive , number of 
pigs born dead or average birth weight were not affec ted by t reatment . 
Al though t reatment survival rate differences were not s igni f icant . pigs 
f rom sows fed fructose plus fat had 96% survival c ompared to 86% for 
the control s .  
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Pettigrew ( 1 9 81 ) . in a review article concerning supplemental 
dietary fat for peripartal sows , concluded that suppl emental fat during 
l ate ges tation and ( or ) l actation increased milk product i on and the fat 
concentrati on of col ostrum and milk . This increase in c ol ostral and 
milk fat increased the surv ival rate among the pigl ets i f  herd survival 
rate is relatively l ow ( l es s than 80% ) and the sow consumes at  l eas t 
1 . 0 kg of fat bef ore farrowing . The mean pigl et weaning weight 
appeared to inc rease if the dietary fat conc entration was at l eas t 8% . 
In a simil ar review article by Moser and L ewis ( 1 9 80 ) , the 
authors c oncluded that there is evidence that adding fat to  sow diets 
can improve pig survival . This  improvement . however, is  small and has 
not been observed in al l experiments .  Their summary cl early pointed 
out that there was littl e  or no effect of dietary fat on l it ter s iz e  at 
birth . There was . however,  a 2 . 6% inc rease in pig surviv al , which 
resul ted in an inc rease in litter siz e  at weaning of . 3  pigs . I t 
appeared that a minimum of 7 . 5% fat should be added to the diet and 
that there was l ittl e advantage to using l evels greater than 1 5% . 
Economics mus t  determine if the added costs of suppl emental fat are 
returned in increased productivity . 
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MATERIALS AND METHODS 
Sixty-two crossb red s ows and gil ts were used in two experiments 
involving three different farrowing periods . In experiment 1 
( March/April ) .  15 sows and gil ts  were allotted to f our experimental 
treatments . The daily treatment s were as follows : 
1 .  Control - fed 1 . 82 kg of a standard 1 2% p rotein 
corn�soybean meal gestation diet . 
2 .  Solka Floc - fed 1 . 82 kg of Solka Fl oc . 
3 .  Solka Fl oc + fat - fed 1 . 82 kg of Solka Fl oc with 1 5% added 
fat (yellow g reas e ) . 
4 .  Fas ted - rec eived n o  feed . 
The animal s on all of the treatments had free acces s t o  t race 
mineral iz ed s al t bl ocks . The experimental period for the experiment 
ran from day 96 to day 1 10 of gestation.  Animal all otment by t reatment 
f or experiment 1 is l is ted in table 1 .  The ingredient composition for 
all of  the diets used in this study are listed in tabl e 3 .  
Experiment 2 consisted of two separate trial s .  Trial 1 
( May/ June )  inv olved 26 gestating sows  and gil ts .  Trial 2 
( Oc t ober/November) involved 2 1  ges tating s ows and gil t s .  These animal s 
were al l ot ted to three experimental treatments .  The daily treatments 
were as  f ollows : 
1 .  Control - fed 1 . 82 kg of a standard 1 2% p ro tein 
corn-soybean meal gestation diet . 
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TABLE 1 .  S�/GILT ALLOTMENT (EXPERIMENT 1 ) 
Treatments 
Solka Fl oc 
Item Control S olka Fl oc + fat Fasted Total 
Sows 2 1 1 2 6 
Gil ts  2 2 3 2 9 
Total 4 ·  3 4 4 1 5  
TABLE 2 .  SOW/GILT ALLOTMENT (EXPERIMENT 2 .  
TRIALS 1 AND 2 )  
Treatments 
Control S olka Floc 
Item Control + fat + fat Total 
Trial 1 
Sows 3 4 4 1 1  
Gil ts 5 6 4 15  
Total 8 1 0  8 26 
Trial 2 
Sows 4 4 4 1 2  
Gil t s  3 3 3 9 
Total 7 7 7 21  
Trial s 1 and 2 
Sows 7 8 8 23 
Gil t s  8 9 7 2 4  
Tot al 1 5  1 7  1 5  47 
2 .  Control + fat - fed 1 . 82 kg of a s tandard 1 2% protein 
corn-soybean meal gestation diet w ith 7 . 5% added fat . 
3 .  S olka Fl oc + fat - fed 1 . 82 kg of  Solka Fl oc with 3 3 .33%  
added fat . 
The animals on all of the treatments had f ree access  t o  t race 
mineral iz ed s al t  blocks . The expe rimental pe riod for both t rial s of  
experiment 2 ran from day 1 01 to day 110  of gestation . Animal 
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allotment by trial and treatment for expe riment 2 is  l isted in  t able 2 .  
TABLE 3 .  INGREDIENT COMPOSITION OF DIETS (% )  
Gestation 
Solka S olka 
Fl oc Fl oc 
Control Solka + fat + fat 
I ngredient Control + fat Fl oc ( 1 5% )  ( 3 3  .33% ) 
Ground yellow corn 77 . 60 6 9 . 22 
Alfal fa meal . 17% 1 0 . 00 8 . 93 
Soybean meal , 44% 9 . 00 1 1 . 25 
Beet pulp 
Solka Floc 1 00 . 00 85 . 00 6 6 . 67 
Yell ow  g rease 7 . 50  1 5 . 00 3 3 . 3 3  
D ical c ium phosphate 2 . 3 0  2 . 05 
Ground l imestone . s o  . 45 
Trace m ineral sal ta . 5 0  . 50 
Vitamin premixb . 1 0  . 1 0  
ASP 2 5 Q C  
a • 8% z inc . 
L acta-
t ion 
7 0 . 1 5  
1 6 . 1 0  
1 0 . 00 
2 . 3 5  
. 55 
. so 
. 1 0 
. 25 
b Supplied per kg of diet : vit amin E ,  1 1  IU ; riboflav in ,  3 . 3 mg ; 
niac in ,  17 . 6  mg ; vitamin B1 2 • 1 3 . 2  meg ; menadione, 2 . 2 mg ; 
d�pant othenic acid,  1 3 . 2  mg ; v it amin A, 3 3 00 IU and v itamin D .  3 3 0  IU . 
c Suppl ied per kg of diet : aureomycin ,  1 1 0  mg ; sul famethaz ine , 1 10 
mg ; and penicil l in,  5 5  mg . 
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The S olka Fl oc used in these expe riments was a commercial 
product purchased f rom the James River Corporation, Berl in ,  
New Hampshire. Solka Fl oc is  manufactured from purified, bleached wood 
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pulp.  As def ined by the pulp,  paper and cellul ose de rivatives f ield ,  
Solka Fl oc i s  pure cellul ose and , when use d in special iz ed diets , the 
assumption is made that it is noncaloric (Gargal lo and Z immerman , 1 980 ;  
J ames River Corporation,  pe rsonal communication) . 
Prior t o  the experimental period , the gestating sows and g il ts 
were kept in sma� l g roups based upon parity on earthern l ots w ith 
noninsulated, wood f ramed shel ters and were fed 1 . 82 kg per day of  the 
1 2% protein com-soybean meal gestation diet that is l isted in t able 2 
as the experimental control diet . During the experimental period , the 
gestating sows and g il ts were penned in group pens according to  
treatments in barns w ith out s ide conc rete feeding fl oors and runs 
simil ar t o  the buil ding pictured in figure 1 .  The s ows and gil ts were 
fed daily at 0800 in indiv idual feeding stalls  similar to  those 
pictured in figure 2 .  Throughout the remainder of  the day , the animals 
had free access  t o  fresh water and trace mineraliz ed sal t  bl ocks . The 
concrete floors of all ins ide pens were bedded w ith sawdust throughout 
the experimental period . 
Backfat thicknes s was measured at approximately the tenth rib , 
utiliz ing a metal p robe , at the start of the experiment al period t o  aid 
in the allotment of animal s between t reatments based upon physical 
condition . Sow s  and gil ts were further allotted t o  treatments based 
Figure 1 .  G e s t a tion hous ing facil ity and f eeding s tal l s . 




upon w eight . parity . genetic background and serv ice s ire . Animal 
weights and bl ood samples were taken on days -95 . 1 00 .  1 05 and 1 1 0  of  
gestation in experiment 1 and on days 100 . 1 05 and 1 1 0  of ges tation in 
experiment 2 .  
Blood s amples were obtained by puncture of  the anterior v ena 
cav a  as described by Carle and Dewhirst ( 1 942) using a 1 0-ml sy ringe 
w ith a 6-inch.  1 6-gauge needl e .  Blood samples were drawn from s ow s  and 
g ilts  in the standing pos ition restrained w ith a noose-type hog 
catcher .  All w �ights and blood samples were taken 5 h post feeding . 
Serum w as obta�ned from each blood sample by c entrifugation at 2 200 x g 
f or 20  min . The resulting serum from each sample was div ided int o  two 
sub s amples . w ith one immediately analyzed for serum glucose as 
des cribed in appendix proc edure 1 and the other f rozen for analys is 
l ater f or serum f ree fatty acids as described in appendix proce dure 2 .  
At the end o f  the expe rimental pe riod on day 1 1 0  of  ges t ation. 
the sows and g il ts were brought into the farrowing fac il ity . pictured 
in f igure 3 .  and handled in accordance with normal farrow ing management 
procedures . 
The s ow s  and gil ts were washed with soap . rinsed. dis infected 
w ith a tamed iodine s olution and allotted t o  individual c rates . The 
farrow ing c rates util iz ed were 1 . 5 2  x 2 . 13  m.  with . 53 m high. s ol id 
partitions between adj acent crates . The crates were s ituated on a 
s ol id .  nonsloping concrete floor and bedded with sawdust or choppe d  oat 
s t raw . Crates were cleaned and bedded on a daily bas is .  Ave rage air 
temperature throughout the farrowing facility was maintained at 
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Figure 3 .  Farrowing facil ity . 
approximately 2 1 c .  w ith supplemented z one heat supplied by a s ingl e 
1 25 watt incandes c ent reflect or heat lamp suspended . 6 1 m off  the floor 
over the righthand c reep area of e ach crate . Ventil ation w as regulated 
such that a dry . relatively odor-free environment w as maintained 
throughout the facil ity at all time s . 
All of  the sows and gil ts received 1 . 82 kg of the 1 4% protein 
com-soybe an meal lactation diet · l isted in table 2 per day p rior t o  
farrowing and t h e  same diet o n  a gradually s t eppe d  u p  a d  l ib itum basis 
postfarrowing . Fresh water  was supplied ad· l ibitum from cup-sty l e  
watere rs . 
No cross-fost ering of pigs between l itters was all ow ed .  The 
baby pigs received no c reep feed but did �av.e free access t o  the dam ' s 
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feed and water. Following farrowing. all of the pigl et s  were weighed 
and ear notched. thei r  needle teeth clipped and given inj ections 
containing 75 mg of tylosin and 150 mg of  iron dextran . Pigs were 
weighed again at 3 d postfarrowing and records were main tained 
conc erning litter survivabil ity . All of the s ows and gil t s  were housed 
in crates through the first 3 d postfarrowing . aft er which s ome litters 
remained in the crates and others were moved to single l it ter pens with 
guard rail s .  Male pigs were castrated at 1 0  d of age . 
All of the farrowings during trial 1 of experiment 2 were 
attended . In addition to  the normal farrowing management procedures . 
blood samples were al so  taken from the neonatal pigs immediately 
following parturition. Pigl ets were manually res trained in the dorsal 
recumbent position in a '�" shaped trough. Blood samples were taken by 
puncture of  the anterior vena cava as des cribed by Carl e and D ewhirst 
( 1 942 ) using a 1 1 / 2-ml syringe with an 1 8-gauge .  l-inch needl e .  Blood 
samples were spl it between two tub es . one for serum and the o ther 
containing ammonium heparin as an anticoagulant for plasma c ol l ection .  
Serum was collected b y  centrifugation a t  2 200 x g f o r  2 0  min and was 
further divided int o  subsampl es with one analyz ed immediately for serum 
glucose as described in appendix procedure 1 and the other froz en for 
analysis l ater for serum FFA as desc ribed in appendix p rocedure 2 .  
Plasma samples were deproteiniz ed and froz en f or analysis  later for 
plasma f ruc tose as described in appendix proc edure 3 .  
S tatistical analyses were performed by least- squares analysis 
of variance as desc ribed by SAS Institute.  Inc . ( 1 9 82 ) . A p robability 
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level of less  than . OS was considered as  the maximum l evel at which 
s ignificance was accepted .  Analyses o f  variance for all variabl es in 
expe riments 1 and 2 are presented in appendix tabl es 1 through 2 3 . 
Ttikey ' s  Tes t (Linton et al • •  1 97 5 ; Steel and Terrie .  1 9 80 )  was used t o  
differentiate means . S imple correlation coefficients were al s o  
cal cul at ed ( SAS Institute .  Inc • •  1 982 ) between all variabl es . Matrixes 
of the c orrel ation coefficients for each trial are included in appendix 
tabl es 24 through 2 8 . The data from the two trial s of  experiment 2 
were analyz ed both individually and collectively as t rial s .  
Experiment .!. 
RESULTS 
Experiment 1 was conduct ed to  compare the effec t s  of al tering 
the dietary energy intake of sows from day 95 to 1 10 of ges tation. 
The effects  of dietary treatment on the body weight change of 
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the dam during the experimental period are presented in  tabl e 4 .  There 
were no significant differences among treatment groups for b ackfat 
thickness or f or b ody weight at the time of all otment . There was a 
differenc e ( P< . 01 )  in ges tation weight change from day 95 t o  1 10 of 
gestation .  with sows from the Solka Fl oc and Solka Floc + fat treatment 
groups experiencing the l arges t reduction in weight of 25 . 5  and 
TABLE 4 .  LEAST-SQUARES MEANS FOR BACKFAT. GESTATION WEIGHT AND 
GESTATION WEIGHT CHANGE (EXPERIMENT 1 )  
Treatments 
Solka 
Solka Fl oc 
Item Control Fl oc + fat Fas t ed SE 
Backfat . mm 
95-d gestation 27 . 9  29 . 2  25 . 4  27 . 9  2 . 8  
Weight . kg 
95-d ges tation 207 . 1  201 . 2  209 . 7  2 07 . 3  1 1 . 1  
1 00-d ges tation 207 . 6  196 . 2  205 . 1  204 . 7  1 0 . 1  
1 05 -d ges tation 208 . 0  1 91 . 2  1 98 . 4  1 9 8 . 7  9 . 8  
1 10-d ges tation 208 . 0  175 . 7  1 85 . 7 1 9 1 . 8  1 2 . 0  
Weight change.  kg 
-25 . 5b -24 . ob -15 . 5ab 95 to 1 1 0-d gestation + . 9a 3 . 7 
a . b Means w ithout a common superscript differ ( P< . 0 1 ) . 
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2 4 . 0  kg . respectively . The fasted animal s had a w ei ght l o s s  of  1 5 . 5  kg 
and the control animals gained . 9  kg . 
The effect of dietary treatment on maternal serum glucose  l evel 
is presented in table 5 .  There was no significant dif ference among 
treatment groups in maternal serum gluco se level at any time during the 
experimental period . There were al so  no difference s  when the 1 00-d. 
1 05-d and 1 1 0-d bl ood samples were adj usted with the 95-d ges tation 
serum glucose l evel as a ·covariant . 
Al though serum FFA levels  ( table  6 )  did not vary significantly 
among treatment groups at day 95 and 100 of ges t ation . there was a 
differenc e at day 1 05 ( P< . 0 1 )  and 1 10 ( P< . 05 ) . Serum FFA change from 
day 95  to 1 10 of gestation ( P< . 05 )  was -25 . 8  � Eq/ 1 f or the control 
animal s  and 17 6 9 . 8 . 17 1 4 . 2 and 17 24 . 8  � Eq/ 1 for the S olka Fl oc . 
Solka Fl oc + fat and fas ted animal s .  respectively . When these data 
were adj usted with the 95-d gestation serum FFA l evel as a covariant . 
there were s ignificant differences among treatment groups at 1 05 d 
( P< . Ol )  and 1 10 d ( P < . 05 )  of gestation and in the net change from 
day 95 to 1 10 of gestation ( P < . 05 ) . 
Farrowing and 3 -d postfarrowing data are pres ent ed in 
tabl es  7 and a .  respectively . · There were no significant differences 
among treatment groups in experiment 1 for any of  the parameters 
measured at farrowing or 3-d postfarrowing . 
Gestation weight of the dam throughout the experiment al period 
was positively correlated ( appendix table 2 4) with the total l i tt er 
weight at farrowing and 3-d postfarrowing ( P< . Ol )  and the average pig 
TABLE 5 .  LEAST-SQUARES MEANS FOR SERUM GLUCOSE LEVEL S AND SERUM GLUCOSE 
LEVEL CHANGES ,  UNADJUSTED AND ADJUSTEDa WITH 95-D GESTATION 
SERUM GLUCOSE LEVEL AS A COVARIANT (EXPERIMENT 1 )  
Treatments 
Solka Fl oc 
Item 
� 
Control Solka Floc + fat Fas ted 
Serum glucose . mg/dl 
95-d gestation 97 . 8  ( 94 . 5 )  98 . 8  ( 94 . 5 )  99 . 0  ( 94 . 5 )  90 . 0  ( 94. 5 )  
100-d gestation 82 . 8  ( 82 . 3 )  86 . 5  ( 86 . 0 )  80 . 5  ( 80 . 0 )  80 . 8  ( 81 . 3 )  
105-d gestation 86 . 0  ( 84 . 0 ) 7 4 . 3  ( 7 1 . 7 )  89 . 0  ( 86 . 3 )  67 . 5  ( 7 0 . 3 )  
1 1 0-d gestation 7 5 . 3  ( 7 4 . 6 )  5 8 . 3  ( 5 7  . 4 ) 92 . 5  ( 91 . 6 )  70 . 8  ( 7 1 . 7 )  
Serum glucose change . mg/dl 
SE 
7 . 1  ( 0 ) 
6 . 6  ( 7 . 1 ) 
8 . 8 ( 8 . 3 )  
1 0 . 5  ( 1 1 . 3 )  
95 t o  1 1 0-d gestation -22 . 5  (-19 . 9 ) -41 . 0  (-37 . 6 )  -6 . 5  (-2 . 9 ) -19 . 5  (-23 . 1 )  1 1 . 9  ( 1 1 . 3 )  
a Adj usted data appear within parenthesis . 
0\ 
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TABLE 6 .  LEAST- SQUARES MEAN S FOR SERUM FREE FATTY A C I D  L EV EL S  AND SERU M  F REE FATTY AC I D  LEVEL QIANG E S .  
UNADJU STED AND ADJ U STEDa W I 111 9 5 - 0  GESTATION SERU M  FATTY AC I D  L EV EL  A.S A COV AR I ANT ( EX PE RI MENT 1 )  
I t em 
S e rum f r e e  f a t ty ac i d s . � Eq / 1  
9 5 - d  g e s t a t ion 
1 00-d g e s t a t i o n  
1 0 5 - d  g e s t a t i on 
1 1 0-d g e s t a t i on 
Con t rol 
3 3 3 . 5  
27 2 . 0  
201 . 5 d 
J o7 . 8h 
3 6 8 . 5  ) 
3 2 2 . 9 ) 
1 B7 . 5 d ) 
2 6 2 . 8b ) 
Sol k a  F l oc 
2 6 4 . 5  
1 2 3 7 . 5  
1 9 1 2 . 8 e 
20 3 4 . J C  
3 6 8 . 5  
1 3 8 8 . 7  
1 8 5 3 . 3 e  
1 900 . 8C 
T r e a tme n t s 
Solka F l oc 
+ f a t  
5 4 2 . 2  
1 2 9 8 . 7  
1 4 2 2 . 5 d e  
2 2 5 6  , ) C 
3 6 8 . 5  ) 
1 046 . 3  ) 
1 5 2 1 . J d e ) 
2 47 9 . 1 C ) 
F a s t e d  
4 0 2 . 3  
1 2 90 . 8  
2 1 s o . s e 
2 1 2 ] , Q C 
3 6 8 . 5  ) 
1 2 4 1 . 7  ) 
2 1 6 9 . 8 8 )  
2 1 7 0  , J C )  
SE 
8 8 . 9  ( 0 ) 
3 4 1 . 2  ( 3 4 1 . 1 )  
2 5 4 . 3  ( 26 9 . 2 ) 
3 4 4 . 8  ( 3 5 1 . 5 )  
S e rum f r e e  f a t ty ac i d  c banb e .  �Eq/ 1 
95 to 1 1 0 - d  g e s t a t i on - 2 5 . ab ( - 1 0 5 . 7 b ) + 1 7 6 9 . 8c ( 1 53 2 . 2bc )  + 1 7 1 4 . 2 c ( + 2 1 1 0 . 6 C ) + 1 7 2 4 . 8c ( + 1 80 1 . 7 C )  3 83 . 5  ( 3 5 1 . 5 )  
8 Adj us t e d  d a t a  ap p e a r  w i t h in p a r e n t h e s i s . 
b . c Means w i thout a c ommon s u p e rs c r i p t  d i f f e r  ( P < . 0 5 ) , 
d . �  Means w i t hou t a c ommon s u p e r s c r i p t  d i f f e �  ( P < . O l ) . 
'-I 
0 
7 1  
TABLE 7 .  LEAST- SQUARES MEANS FOR FARROWING DATA (EXPERIMENT 1 )  
Treatments 
Solka 
Solka Fl oc 
I tem Cont rol Fl oc + fat Fas ted SE 
Gestation length . d 1 1 4 . 8 1 13 . 8  1 1 2 . 7  1 13 . o  1 . o -
No . of pigs in l it ter 
born alive 1 1 . 0  1 1 . 3  1 1 . 8  1 2 . 5  1 . 1 
No . of mummies / s t illborns 
in l it ter 1 . 5 1 . 0 1 . 0 . 3  . 5  
Total l ive l it ter birth 
wt . kg 1 5 .33  1 4 . 45 1 4 . 7 7 1 6 . 3 5  1 . 2 
Avg live p ig b irth w t .  kg 1 . 3 6  1 . 28  1 . 25 1 . 2 9  . 1  
TABLE 8 .  LEAST- SQUARES MEANS FOR 3-D POSTFARROWING DATA 
(EXPERIMENT 1 )  
Treatments 
Solka 
Solka Fl oc 
I tem Control Fl oc + fat Fas ted SE 
No . of l ive p igs in l it ter 7 . 5 7 . 3 7 . 8  7 . 8a 2 . 3 
Total w t  of l ive p igs in 
litter.  kg 13 . 1 0  1 2 . 13 1 2 . 83 1 6 . 7  8b 2 . 9  
Avg wt of l ive  p igs . kg 1 . 63 1 . 6 8  1 . 6 1  1 . 5ob . 1  
Percent of l ive p igs born 
surviving at 3 d 6 8 . 0 65 .; 8  6 8 . 8 6 1 . oa 20 . 3  
a Means a re for four l it ters . one o f  which had n o  pigs surviv ing at 
3-d post farrowing . 
b Means a re for three litters . with pigs al ive at 3-d postfarrowipg . 
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weight a t  farrowing ( P< . 00 1 )  and 3-d postfarrowing ( P< . 0 1 ) . The net 
change in b ody weight from day 95 to 1 10 gestati on was positively 
correlated with ges tation l ength ( P< . OS )  and negatively correlated with 
the net change in maternal serum FFA from day 95 to 1 1 0 of ges t ation 
( P< . 0 1 ) . The net change in maternal serum glucose l evel s from day 95 
to 1 1 0  of ges tation was negatively correlated ( P < . OS )  with average pig 
birth weight . 
Experiment � 
Trial 1 .  Backfat at  day 1 00 of ges tation and gestation body 
weight data are presented in tabl e 9 .  There was no di f ference in 
backfat thicknes s among treatment groups  at day 1 00 of ges tation. 
There was a differenc e ( P < . 05 )  among treatment groups for the net 
change in body weight from day 1 00 to 1 1 0  of ges tation . Control and 
control + fat animal s both gained 4 . 9  kg . whil e the S olka Fl oc + fat 
animal s lost  1 . 9 kg b ody weight . 
Serum glucose l evel s ( tabl e  1 0 )  did not differ signi ficantly 
among treatment groups  at day 1 00 or 1 05 of ges tation .  However. there 
was a dif ference ( P < . OS )  at day 1 10 of gest ation . Serum glucose l evel s 
were highest for the control (7 1 . 8  mg/dl ) and control + fat ( 7 1 . 9 )  
treatment groups and l owes t for the Solka Fl oc + fat ( 5 5 . 3  mg/dl ) 
_ treatment group . The net change in the serum glucose l evel from 
day 1 00 t o  1 10 of ges tati on al so  differed ( P < . 05 )  among treatment 
groups .  These differences remained significant ( P< . 05 )  when the data 
were adj usted with the 1 00-d serum glucose l evel as a covariant . 
TABLE 9 .  LEAST- SQUARES MEANS FOR BACKFAT • GESTATION WEIGHT AND 
GE STATION WEIGHT CHANGE (EXPERIMENT 2 .  TRIAL 1 )  
Treatment s  
Control S olka Fl oc 
73 
Item Control + fat + fat SE 
Backfat . mm 
1 00-d gestat ion 2 4 . 6  23 . 4  2 2 . 6  1 . 3 
Weight . kg 
1 00-d ges tation 1 94 . 8 1 93 . 1 1 96 . 2  7 . 2 
1 05-d ges tation 1 97 . 6  1 95 . 6 1 97 . 5 7 . 0 
1 1 0-d gestation 1 99 . 7 1 9 8 . 1  1 94 . 3 6 . 5 
Weight change . kg 
1 00 to  1 1 0-q ges tation +4 . 9a +4 . 9a - 1 . 9b 1 . 9 
a . b  Means without a common supe rs cript diffe r ( P< . 05 ) . 
Maternal serum FFA level is presented in table 1 1 . There was 
no s ignificant difference among treatment groups for s e rum FFA level at 
day 1 00 of ges t ation. There were highly significant diffe rences 
( P< . 001 ) among t reatment groups at day 1 05 and 1 1 0  of ges t ation and in 
the net change in serum FFA levels from day 1 00 to 1 1 0 of gestation. 
Serum FFA level inc reases were 1 1 8 . 7 . 48 . 9 and 1 . 5 82 . 5  �Eq/ 1 for the 
control . control + fat and Solka Fl oc + fat treatment groups . 
respectively . during the expe rimental period . These diffe rences 
remained highly s ignificant (P< . 001 ) when the data were adj usted with 
the day 1 00 serum FFA level as a covariant . 
Farrow ing and 3-d postfarrowing data are presented  in tables 1 2  
and 13 . There were no s ignificant differences among t reatment groups 
for any of the parameters measured at farrowing or 3 -d post farrowing . 
• 
TABLE 10 . LEAST-SQUARES MEANS FOR SERUM GLUCOSE LEVEL S AND SERUM GLUCOSE 
LEVEL CHANGES . UNADJUSTED AND ADJUSTEDa WITH 1 00-D GESTATION 
SERUM GLUCOSE LEVEL AS A COVARIANT (EXPERIMENT 2 • TRIAL 1 )  
Treatments 
.. 
Control Solka Fl oc 
Item Control + fat + fat 
Serum glucose . mg/dl 
100-d gestation 60 . 7  ( 66 . 9  ) 65 . 8  ( 66 . 9  ) 7 3 . 1  ( 66 . 9  ) 
1 05-d gestation 6 8 . 4 (69 . 7  ) 69 . 8  ( 7 0 . 0  ) 62 . 5  ( 6 1 . 2  ) 
1 10-d gestation 7 1 . 8b (7 1 . 2b ) 7 1 . 9b (7 1 . 8b ) 55 . 3 C ( 55 . 9C ) 
Serum glucose change . mg/dl 
100 to 1 1 0-d gestation +1 1 . 1b ( +4 . 3b ) +5 . abc ( +4 . 5b ) -17 . 9C (-l l . l C )  
a Adj usted data appear within parenthesis . 
b . c  Means without a common superscript differ ( P< . 05 ) . 
SE 
5 . 7 ( 0 ) 
4 . 0  ( 4 . 0 )  
4 . 4  ( 4 . 5 )  
7 . 7 ( 4 . 5 )  
"..J 
� 
TABLE 1 1 .  L EAST- SQUAR ES MEAN S FOR S ERU M F R EE FATTY ACID L EVELS AND S ERUM FREE FATTY AC I D  
LEV EL CHANG E S , U NADJ U STED A N D  ADJ U STEna W I 'Jl l  1 00-0 G E STATION S E R U M  F H E E  FATTY A C I D  
L EV EL AS A COV A R I ANT ( EX PER I MENT 2 ,  TR I AL 1 )  
T r e a tme n t s  -----
Con t rol Solk a F l oc 
I t em Con t rol + f a t  + f a t  
� Eq / 1  
S E  
1 9 2 . 5  ( 2 8 1 . 1  ) 3 06 . 1  ( 2 8 1 . 1  ) 3 23 . 1  ( 2 8 1 . 1  ) 3 8 . 1 ( 0 ) 
S e r um f re e  f a t ty a c i d s , 
1 00-d g es t a t i o n  
1 0 5-d g e s t a t i on 
1 1 0-d ges t a t i o n  
2 47 . 7 h ( 3 7 7  . oh ) 2 99 . s h ( 26 2 . 9h ) 1 2 80 , 9C ( 1 2 1 9 . 6 C )  1 3 7 . 8  ( 1 29 . 3 )  
3 1 o . ah ( 3 4 8 . 3 b ) 3 5 S . 2h ( 3 4 4 . 6h ) 1 90 5 . 4 C ( 1 8 87 , 6 C )  1 2 8 . 7  ( 1 3 1 . 0 )  
Se rum f r e e  f a t ty a c i d cha n g e ,  � Eq / 1  
1 00 t o  1 1 0-d g e s t a t i on + 1 1 8 . 7 h 8r 6 7 . 6h ) + 4 8 . 9h ( +6 3 . 3 h ) + 1 5 82 . 5 C ( + 1 6 06 . 7 C )  1 2 9 . 5  ( 1 3 1 . 0 ) 
a Ad j u s t e d d a t a  ap p e a r  w i t h i n  pa ren thes i s .  
b , c  Mean s w i t hou t a c ommon s u pe r s c r i p t  d i f f e r  ( P < . OO l ) . 
"" 
U1 
TABLE 1 2 .  LEAST- SQUARES MEANS FOR FARROWING DATA 
(EXPERIMENT 2 ,  TRIAL 1 )  
Item 
Gestat ion length, d 
No . o f  p igs in l itter 
b orn alive 
No . o f  mummies/ stil lborns 
in l itter 
Total l ive l itter birth 
wt , kg 
Avg l ive p ig birth wt , kg 
Control 
1 1 5 . 1  
1 0 .3 
. 3  
16 . 04 
1 . 57 
Treatment s  
Control Solka Fl oc 
+ fat + fat 
1 1 4 . 8 1 13 . 8  
9 . 2  9 . 1  
. 7  . 9  
1 2 . 83 1 3 . 7 3  
1 . 48 1 . 5 5  
TABLE 1 3 . LEAST- SQUARES MEANS FOR 3-D POSTFARROWING DATA 
( EXPERIMENT 2 ,  TRIAL 1 )  
Treatments 
Control Solka Floc 
Item Control + fat + fat 
No . of  live p igs in l itter 6 . 8  6 . 5 5 . 9  
Total w t  of l ive p igs in 
l it ter,  kg 1 1 . 7  4 9 . 6 1  1 0 . 40 
Avg wt of live p igs . kg 1 . 7 5  1 . 56 1 .  7 9  
Percent of live pigs born 
surviving at 3 d 66 . 3  7 1 . 0  6 4 . 9 
7 6  
SE 
. 7  
1 . 0 
. 3  
1 . 0 
. 1  
SE 
. 9  
1 .3 
. 1  
6 . 5 
7 7  
The net change i n  body weight from day 1 00 t o  1 1 0 ges tation was 
negatively correlated ( appendix tabl e 25 ) with the net change in serum 
FFA l evel s  from day 1 00 to  1 10 of gestation ( P < . 00 1 )  and the number of 
mummies/ stillborns at farrowing ( P < . 01 ) . The net change in serum 
glucose  level s  from day 1 00 to 1 10 gestation was negatively correlated 
with the net chang� in serum FFA levels from day 1 00 t o  1 1 0  of  
gestation ( P < . 01 )  and positively correlated with the average pig weight 
at 3 -d postfarrowing ( P< . 05 ) . 
All of the farrowings of experiment 2 .  trial 1 .  were attended . 
Blood sampl es were drawn from all pigs as soon as possibl e fol lowing 
birth and prior to nursing . Farrowing and blood analyses data are 
presented in tabl es 14 and 1 5 . respectively . The number of pigs born 
aliv e .  b irth weight . plasma fructose.  serum glucose and FFA l evels at 
birth and 3 -d postfarrowing weight of the neonatal pigs were unaffected 
by the dietary treatment of their dam . Correlation coeff icients for 
the farrowing data of  experiment 2 .  trial 1 .  are l i s t ed in appendix 
tabl e 26 . 
Individual pig birth weights were positively correl ated with 
gestation l ength ( P< . OS ) . day 100  to 1 10 ges tation maternal w eight 
change ( P< . 01 )  and day 1 00 to 1 1 0  gestation maternal serum glucose 
change ( P < . 00 1 ) and negatively correlated with the numbe r  of l ive  born 
( P< . 00 1 )  and s til lborn ( P< . 00 1 ) pigs at farrowing . 
The serum glucose l evel in the neonatal pig at b i rth was 
positively correlated with the number of live pigs born ( P< . 05 )  and the 
day 1 00 to 1 1 0 gestation maternal weight change ( P < . 05 )  and negatively 
7 8  
TABLE 1 4 .  FARROWING DATA BY TREATMENT (EXPERIMENT 2 • TRIAL 1 )  
Treatments 
Cont rol S olka Fl oc 
I tem Control + fat + fat Total 
No . of litters 8 1 0  8 26 
No . of baby pigs (born alive) 82 94 7 3  2 4  
Sex breakdown 
Males 49 5 0  3 8  137  
Females 33 44 3 5  1 1 2  
Total 82 94  7 3  2 49 
TABLE 1 5 . LEAST- SQUARES MEANS FOR PIG BIRTH WEIGHTS ; SERUM GLUCOSE , 
PLASMA FRUCTOSE AND SERUM FREE FATTY ACID LEVEL S AT B IRTH AND 
3 -D POSTFARROWING PIG WEIGHTS (EXPERIMENT 2 .  TRIAL 1 )  
Treatments 
Control S olka Fl oc 
I tem Control + fat + fat SE 
Birth wt , g 1541 . 5  1 3 84 . 6  1 503 . 9  6 9 . 1  
Serum glucose ,  mg/ dl 5 8 . 3  5 4 . 2 6 0 . 7  5 . 0 
Plasma fruct ose , mg/ dl 2 4 . 9 23 . 2  24 . 5  2 . 5 
Serum f ree fatty acids , �q/ 1 423 . o  43 4 . 3  3 94 . 9  2 4 . 9 
3 -d post farrowing pig wt , g 1 73 0 . 6  1 507 . 9  1 7 7  2 . 3 1 22 . 8  
correl ated with gestation l ength ( P< . OS )  and the maternal gestati on 
weight at day 1 10 ( P< . 01 ) . 
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The plasma fructose level in the neonatal pig at  farrowing was 
negativ ely correlated with the maternal 1 1 0-d gestation weight ( P < . OS )  
and positively correl ated with the number o f  live  pigs b orn ( P < . 01 ) . 
Pig survival at 3-d postfarrowing was positiv ely correl ated 
with maternal 1 10-d gestation weight ( P < . 0 1 )  and negatively c orrel ated 
with birth weight ( P < . OS ) . 
Pig weight at 3-d postfarrowing was negativ ely c orrel ated w ith 
the number of live pigs born (P< . 00 1 )  and positively correl ated with 
the maternal 1 10-d gestation serum glucose l evel ( P< . OS ) . day 1 10 t o  
1 10 gestation mat ernal serum glucose change ( P < . 00 1 )  and birth weight 
( P < . 00 1 ) . 
Trial 2 .  Backfat at day 1 00 of gestation and gestation b ody 
weight change are presented in tabl e 1 6 . There was no differenc e in 
backfat thicknes s among treatment groups at day 1 00 of gestati on. 
There was a differenc e ( P < . OS )  among treatment groups in the net change 
in b ody weight from day 1 00 to 1 1 0  of gestation . Weight change s  were 
1 . 0 .  5 . 7 and -8 . 2  kg for the control . control + fat and S olka 
Fl oc + fat treatment groups .  respectively . 
Maternal serum glucose level s ( table  17 ) dif fered signif icantly 
( P < . O S )  among treatment groups only at day 1 10 of ges tation .  S erum 
glucose l evels were the lowest in the Solka Floc + fat treatment group 
(64 . 7  mg/dl ) and highest in the control + fat treatment group 
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TABLE 1 6 . LEAST-SQUARES MEANS FOR BACKFAT • GESTATION WEIGHT AND 
GESTATION WEIGHT CHANGE (EXPERIMENT 2 .  TRIAL 2 )  
Treatments 
Cont rol Solka Fl oc 
I t em Control + fat + fat SE 
Backfat . mm 
1 00-d ges t ation 23 . 1  22 . 6  2 2 . 6  1 . 3 
Weight . kg 
1 00-d ges tation 17 8 . 3  1 81 . 4 1 7 8 . 9 7 . 9 
1 05 -d gest ation 1 7 7 . 7  1 84 . 2  1 7 7 . 2  7 . 9 
1 1 0-d ges t at ion 177 . 3  1 87 . 2  1 7 0 . 7  8 . 8  
Weight change . kg 
1 00 t o  1 1 0-d ges tation +1 . oa +5 . 7 a - 8 . 2b 2 . 1 
a . b Means without a common supe rscript diffe r ( P< . 05 ) . 
( 85 . 4  mg/ dl ) . Control animal s averaged 80 . 3  mg/ dl of serum glucose at 
day 1 1 0  of gestation. When these data were adj usted with serum glucose 
level at day 1 00 of  gestation as a covariant . there were diffe rences 
( P < . 05 )  at day 1 1 0 of ges tation and in the net change in maternal serum 
glucose l evel s from day 1 00 to  1 1 0  of gestation. 
Maternal serum FFA levels (table 1 8) differed ( P< . 001 ) among 
treatment groups at day 1 05 and 1 1 0  of gestation and in the net change 
in maternal s e rum FFA levels from day 1 00 to 1 1 0 of  ges t at ion . Se rum 
FFA l evel changes were -4 . 4 . 2 96 . 5  and 1 . 87 2 . 6  l! Eq/ 1 for the animal s 
from the control . control + fat and Solka Floc + fat t reatment groups . 
res pe c t ively . Thes e  differences remained ( P< . 001 ) when t he dat a  were 
adj usted  w ith the 1 00-d gestation serum FFA level as a c ovariant . 
TABLE 17 . LEAST-SQUARES MEANS FOR SERUM GLUCOSE LEVELS AND SERUM GLUCOSE LEVEL CHANGES .  
UNADJUSTED AND ADJUSTEDa W I TH  1 00-D GESTATION SERUM GLUCO SE LEVEL AS A COVARIANT 
(EXPERIMENT 2 .  TRIAL 2 )  
Treatments 
Control Solka ·Fl oc 
Item Control + fat + fat 
Serum glucose . mg/dl 
100-d gestation 66 . 0  ( 6 8 . 6 ) 7 2 . 4 ( 6 8 . 6 ) 69 . 8  ( 6 8 . 6 ) 
1 05-d ges tation 7 0 . 6  ( 7 1 . 2  ) 7 1 . 4  ( 7 0 . 6  ) 69 . 3  ( 69 . 0  ) 
1 1 0-d gestation 80 • 3 b c ( 80 • 6 b c ) 85 • 4b ( 85 • 0 b ) 64 .  7 C (64 . 5 C ) 
Serum glucose change . mg/dl 
1 00 to 1 10-d ges tation +1 4 . 3 ( +1 1 . 9bC ) +13 . 2  ( +1 6 . 6b ) -5 . 0  ( -3 . 9C ) 
a Adj usted data appear wi thin parenthesis . 
b . c Means without a common superscript differ (P< . 05 ) . 
SE 
3 . 6  ( 0 ) 
3 . 8  (3 . 9 ) 
5 . 0  ( 5 . 2 ) 
5 . 9 ( 5 . 2 ) 
00 
1---4 
TABLE 1 8 .  LEAST-SQUARES MEANS FOR SERUM FREE FATT'i ACID LEVELS AND SERUM FREE 
FATT'i ACID LEVEL CHANG ES , UNADJU STED AND ADJUSTEDa W I TH  1 00-D GESTATION SERUM 
FREE FATTY AC ID LEVEL AS A COVARI ANT ( EXPERI MENT 2 ,  TRI AL  2 }  
I t em 
Se rum f ree f a t ty ac ids , � Eq/1 
1 00-d ges t a tion 
1 05-d g e s t a tion 
1 1 0-d ges t a tion 
Serum f r e e  f a t ty a c id chan g e ,  � Eq / 1  
1 00 t o  1 1 0-d g e s t a tion 
Con t rol 
3 2 8 . 9  ( 283 . 1  ) 
3 00 . 6b ( 256 . 4b ) 
3 2 4 . 2b ( 3 1 0 . 6b ) 
-4 . 4b ( +27 � sb ) 
Treatme n t s  
Cont rol 
+ fat 
2 5 1 . 4  ( 283 . 1  ) 
3 64 . ob < 3 9 4 . 6b ) 
5 48 . ob ( 557 . 4b ) 
+296 . 5b ( +27 4 . 2b ) 
a Adj usted d a t a  appear wi thin pa renthes i s .  
b , c Mean s w i thout a common s upe rscript d i f fe r  (P< . OOl ) . 
Solka Fl oc 
+ f a t  
265 . 6  ( 2 83 . 1  ) 
1 3 4 2 . 6C ( 1 35 9 . 4C )  
2 1 3 8 . 0C ( 2 1 4J . 2 C )  
+1 87 2 . 6C ( + 1 860 . 3 C )  
SE 
3 9 . 4  ( 0 ) 
1 28 • 0 ( 1 26 • 5 )  
88 . 7  ( 9 1 . 0 )  




As in the previous t rial s .  there were no dif ferences among 
treatment groups in farrowing perf ormance ( tabl e 1 9 )  o r  3 -d 
postfarrowing performance ( table 20 ) . 
Gestation l ength was negatively correlated ( appendix t abl e 27 ) 
with the day 1 00 to  1 10 ges tation maternal serum FFA change ( P < . 05 )  and 
positively correlated with the day 100  to  1 10 gestation mat ernal serum 
glucose change ( P < . 05 ) . The day 100 to 1 10 gestati on mat ernal serum 
FFA change was negatively correlated with the day 1 00 t o  1 1 0 gestation 
maternal serum glucose change (P< . 05 )  and the day 1 00 t o  1 1 0 ges tation 
maternal weight change ( P< . 0 1 ) . 
Trial s 1 and 2 .  When the gestation weight data during the 
experimental period were analyz ed collectively for trial s 1 and 2 
( tabl e 2 1 ) . the�e was a significant difference ( P < . 00 1 ) among treatment 
groups only in the net weight change from day 1 00 t o  1 10 of ges tation .  
Weight changes during the experimental pe riod were 2 . 9 .  5 . 3 and -5 . 1  kg 
for the control . c ontrol + fat and Solka Floc + fat treatment group s .  
respectiv ely . Differenc es between trial s were significan t  at  day 1 0 0  
( P< . 05 )  and days 1 0 5  and 1 10 ( P< . 01 ) . 
Maternal serum glucose level s ( table 2 2 )  dif fe red s ignificantly 
( P < . OO l ) at day 1 1 0 of ges tation.  Mean serum glucose l ev el s  were 7 6 . 0  • 
. 7 8 . 6  and 6 0 . 0  mg/ dl for the control . control + fat and S olka Fl oc + fat 
t reatment groups .  respectively . The net change in serum glucose l evel s 
differed ( P < . 05 )  among treatment groups from day 1 0 0  t o  1 10 of  
gestation. Animal s from the control and control + fat g roups had an 
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TABLE 1 9 .  LEAST- SQUARES MEANS FOR FARROWING DATA 
(EXPERIMENT 2 .  TRIAL 2 )  
Treatments 
Control Solka Fl oc 
Item Control + fat + fat SE 
Gestation l ength , d 1 1 4 . 8  1 1 4 . 4 1 13 . 6  . 3  
No . o f  p igs in l it te r  
b orn alive 9 . 1  9 . 6  1 0 . 8  . 6  
No . of mummies/ stil lborns 
in l itter 1 . 1 . 3  . 3  . 5  
Total l ive l itter birth 
wt , kg 1 2 . 3 2  13 . 56 1 3 . 3 6  1 . 1 
Avg l ive p ig b irth w t ,  kg 1 . 3 4  1 . 44 1 . 25 . 1  
TABLE 20 . LEAST-SQUARES MEANS FOR 3-D POSTFARROWING DATA 
(EXPERIMENT 2 ,  TRIAL 2 )  
Treatments 
Control Solka Fl oc 
Item Control + fat + fat SE 
No . of l ive p igs in l it ter 7 . 6 7 . 8 6 . 4  1 . 0 
Total wt of l ive p igs in 
l itter,  kg 1 2 . 90 1 3 . 04 9 . 73 2 . 0  
Avg wt of l ive pigs . kg 1 . 6 4  1 . 66  1 . 46 . 1  
Percent of l ive pigs b orn 
surviv ing at 3 d 81 . 0  83 . 1  5 9 . 6  8 . 5  
TABLE 21 . LEAST- SQUARES MEANS FOR BACKFAT. GESTATION WEIGHT AND 
GESTATION WEIGHT CHANGE (EXPERIMENT 2 • TRIALS 1 AND 2 )  
Treatments 
Control Solka Fl oc 
I tem Control + fat + fat 
Backfat . mm 
1 00-d gestation 23 . 9  22 . 9  2 2 . 6  
Weight . kg 
1 00-d ges t ation 1 86 . 5 1 87 . 2  1 87 . 6 
1 05-d ges t ation 1 87 . 6 1 89 . 9  1 87 . 4  
1 1 0-d gestation 1 89 . 5  1 92 . 6 1 82 . 5 
Weight change .  kg 
1 00 to  1 1 0-d g es t ation +2 . 9a +5 .3 a -5 . 1 b 
a. b Means w ithout a common supe rscript differ ( P< . 001 ) . 
85 
SE 
. 9  
5 . 3 
5 . 3 
5 . 4  
1 . 4 
inc rease in serum glucose levels during this period . while animal s in 
the Solka Fl oc + fat group had a decrease . These differences remained 
(P < . 001 ) when the data were adj usted with the 1 00-d ges t at ion serum 
glucose l evel as a covariant . 
The combined data for serum FFA levels are p resented in 
table 23 . Serum FFA l evel s differed ( P< . 001 ) among t reatment groups at 
day 1 05 and 1 1 0  of ges t at ion and in the net change in serum FFA levels 
from day 1 00 to  1 1 0  of ges tation. Serum FFA levels increased 57 . 1  
Eq/ 1 for the control t reatme·nt group and 1 7 2 . 7  �Eq/ 1 for the 
control + fat g roup and 1 . 7 27 . 5  �Eq/ 1 for the Solka Fl oc + fat g roup . 
These differences remained ( P< . 001 ) when the data were adj usted with 
the day 1 00 ges tation se rum FFA level as a covariant . 
TABLE 22 . LEAST-SQUARES MEANS FOR SERUM GLUCOSE LEVELS AND SERUM GLUCOSE LEVEL CHANGES , 
UNADJUSTED AND ADJUSTEDa WITH 1 00-D GESTATION SERUM GLUCOSE LEVEL AS A COVARIANT 
( EXPERIMENT 2 .  TRIALS 1 AND 2 ) . 
I tem 
Serum glucose . mg/dl 
100-d ges tation 
105-d gestation 
1 10-d gestation 
Serum glucose change . mg/dl 
100-1 10-d gestation 
Control 
63 . 3  ( 67 . 7 ) 
69 . 5  (70 . 4  ) 
7 6 . od (75 . ad) 




69 . 1  ( 67 . 7  ) 
7 0 . 6  ( 70 . 3  ) 
7 8 . 6d ( 7 8 . 7 d) 
+9 . 5b ( +1 0 . 9d ) 
a Adj usted data appear within parenthes is . 
b , c  Means without a common superscript differ (P< . OS ) . 
d, e Means without a common superscript differ (P< . 001 ) . 
Solka Fl oc 
+ fat 
7 1 . 5 ( 67 . 7 ) 
65 . 9  ( 65 . 1  ) 
6o . oe ( 6o . 2e) 
-1 1 . 4C (-7 . 4e ) 
SE 
3 . 5 ( 0 ) 
2 . 8  ( 2 . 8 ) 
3 . 3 ( 3 . 4) 
5 . 0  ( 3 . 3 )  
(X) 
0\ 
TABLE 23 . LEAST-SQUARES MEANS FOR SERUM FREE FATT'l ACID LEV EL S  AND SERUM FREE FATT'l ACI D  
LEVEL CHANGES . U NADJU STED AND ADJUSTEDa W I 'lli 1 00-D GESTATION FREE FATT'l ACID 
LEVEL AS A COVARIANT ( EXPERI MENT 2. TRI AL S  1 AND 2) 
I t em  
Se rum f r e e  f a t ty a c id s ,  � Eq/ 1 
1 00-d g e s t a t ion 
1 05-d g es t a ti on 
1 10-d g e s t a t i o n  
Control 
260 . 7  ( 282 . 0  ) 
27 4 . t b ( 3 00 . 9b ) 
3 1 7 . sb ( 3 2s . 4b ) 
Treatmen ts 
Con trol S olka Fl oc 
+ f a t  + f a t  
27 8 . 8  ( 282 . 0  ) 2 94 . 4  ( 282 . 0  ) 
3 3 t . ab < 3 3 s . ab ) 1 3 1 1 . 7 C  ( 1 2 96 . 2 C )  
45 t . 6b ( 452 . 8b ) 2 0 2 1 . 7 C  ( 2 0 1 7 . 1 C )  
SE 
27 . 5  ( 0 ) 
95 . 2  ( 90 . 0 ) 
8 1 . 4  ( 8 1 . 9 ) 
Serum f ree fa t ty acid chan g e .  � Eq / 1  
1 00 t o  1 1 0-d g e s t a tion +57 . t b ( +43 . Bh )  +1 7 2 . 7 b ( +1 7 0 . 6b ) +1 7 27 . 5 C ( + 1 7 3 5 . 3 C )  82 . 5  ( 81 . 9 ) 
a Adj u s t e d  data appea r  w i thin parenthe s i s . 




As  in  the individual analyses of these two t rial s .  there were 
no signif icant differenc es among treatment g roups in the coll ective 
analysis for any of  the parameters measured at farrow ing ( tab l e  2 4) or 
3 -d postfarrowing ( tabl e  25 ) . 
Maternal serum FFA at day 1 10 of ges tation was negatively 
correlated ( appendix tabl e 28 )  with gestation length ( P < . OS ) . The net 
change in maternal serum FFA from day 1 00 to 1 10 ges t ation was 
negatively correlated with the day 1 00 to 1 1 0 gestati on change in 
maternal body weight ( P < . OO l ) and the day 1 00 to  1 1 0 ges t ation maternal 
serum glucose change ( P< . OS ) . The number of live pig s farrowed was 
negatively correlated with the day 1 00 to 1 1 0 gestation maternal serum 
glucose change ( P < . OS )  and birth weight ( P< . OO l ) . 
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TABLE 2 4 .  LEAST- SQUARES MEANS FOR FARROWING DATA 
( EXPERIMENT 2 .  TRIALS 1 AND 2 )  
Treatments 
Control Solka Fl oc 
Item Control + fat + fat SE 
Ges tation length . d 1 1 5 . 0  1 1 4 . 6  1 13 . 7  . 4  
No . of p igs in l it te r  
born alive 9 . 8  9 . 4  9 . 9  . 6  
No . of  mummies/s tillborns 
in l it ter .7  . 5  . 6  . 3  
Total l ive lit ter b irth 
wt . kg 1 4 . 1 8  1 3 . 1 9  1 3 . 5 4  . 8  
Avg l ive pig b irth w t .  kg 1 . 45 1 . 46 1 . 40 . 1  
TABLE 25 . LEAST- SQUARES MEANS FOR 3-D POSTFARROWING DATA 
(EXPERIMENT 2 .  TRIALS 1 AND 2 )  
Treatments 
Control Solka Fl oc 
Item Control + fat + fat SE 
No . o f  l ive p igs in l it ter 7 . 2 7 . 1  6 . 1  . 7  
Total w t  of l ive p igs in 
l itter.  kg 1 2 . 3 2  11 . 3 3  1 0 . 06 1 . 1 
Avg wt of live pigs . kg 1 . 7 0  1 . 6 1  1 . 6 2  . 1  
· Percent o f  l ive p igs born 
surviving at 3 d 73 . 6  77 . 1  6 4 . 7  5 . 2  
-
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DI SCUS SION 
The purp ose of  this s tudy was t o  tes t the hypothes is that 
alt e ring the die tary ene rgy intake of the ges t at ing s ow/ g il t  would 
cause a shift from the utilization of  carbohydrates for ene rgy to  the 
catabol ism of fat of either dietary or phys iol ogical origin . This 
shift could potent ial ly stimulate a switch from the placental trans fer 
o f  glucose t o  ketones and free fatty acids . The ut il ization of thes e 
compounds as an energy source in utero coul d potential ly initiate 
inc reased fat deposit ion in the fetus and enhance the ab il ity of the 
neonat e  to ut il iz e  dietary fat as an energy s ou rce . 
The experimental treatments within this s tudy were des igned t o  
alter the energy metabolism in the gestating s ow  s trictly by dietary 
t reatment . This was in cont ras t to  prev ious research which 
incorporated chemical agents such as chl orpropamide (Wachholz . 1 97 2 ) . 
t riamcinolone (Bishop et  al • •  1 981 ; L indsey e t  al • •  1 981 ; Zavos and 
Stably . 1 983 ) . dichl orvos (Anders on.  1 97 0 ;  Anders on and Wahl s trom.  
1 97 0 ) . alloxan (Ez ekwe and Mart in . 1 97 8 ;  Kas s e r  e t  al • •  1 97 8 . 1 981b ; 
Kas se r. 1 982 ) . 1 . 3-butanediol ( Stahly e t  al • •  1 981 .  1 982 ; Steele 
et  al • •  1 981 . 1 984 ;  Spence et al • •  1 983 ) or g rowth hormone (Boyd 
et al • •  1 985 ) . 
Within the expe rimental des ign of this s tudy .  Solka Fl oc was 
util iz ed to supply a nonc al oric source of dietary int ake (Gargal lo and 
Z immerman. 1 980 ; James River Corporation. pers onal communication) . 
Feeding the pure Solka Floc would provide a s timulus for the digest ive 
system while maintaining a die tary fas t .  pos s ibly accelerating the 
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catabol ism of  phys iological fat deposit s .  Feeding the Solka Fl oc 
suppl emented with a s ou rce of  fat (yellow grease )  would s imulate a diet 
cons is ting of  1 00% fat . s ince the yell ow  greas e  would b� the only 
diges t ible nut rient pres ent.  In  experiment 2 .  a dietary treatment 
composed of  feeding the control diet with 7 . 5% added fat was included 
in the s tudy . This diet was formulated to be isonitrogenous with the 
control diet . Howeve r.  the supplemental fat inc reas ed the 
metaboliz able energy value of this diet by approximately 1 2% ( 3 481 vs 
3 1 21 Kcal/kg ME ) .  This dietary treatment would serve to  ve rify the 
research resul ts reported by Boyd et al • • 1 97 9a . b . 1 9 81 ;  Moser  and 
Lewis . 1 980 and Pett igrew . 1 9 81 . 
Ave rage backfat thicknes s was measured at the initiation o f  the 
t rial s but was used only as an aid in estimating b ody c ondition when 
al lotting the animals to  their respective dietary treatments . 
The net change in body weight during the experimental pe +iod of 
expe riment 1 was highes t for the Solka Fl oc (-25 . 5  kg) and 
Solka Floc + fat (-2 4 . 0 kg) treatment groups . The fas ted t reatment 
groups experienced less  weight loss (-15 . 5  kg ) . whil e the weight of the 
control t reatment group remained relatively s table  ( . 9  kg) throughout 
the treatment pe riod . The larger weight losses for the Solka Fl oc and 
Solka Fl oc + fat t reatment groups in comparison to  the fas ted t reatment 
g roups may . in part . be the result of the forced daily exercise that 
they received during the feeding pe riod . In experiment 2 .  the 
Solka Floc + fat treatment groups lost weight (-5 . 1  kg ) . while the 
control ( 2 . 9  kg) and control + fat ( 5 . 3  kg) treatment groups gained 
weight during the experimental period . 
In both experiments 1 and 2 .  the daily consumption o f  the 
Solka Floc and the Solka Floc + fat ( 15% and 33 . 33%) die t s  was 
extremely poor . Actual daily intake was difficul t  t o  measure due to 
complications resul ting from feeding outside . As a resul t of .this  
consumption problem throughout the experimental period . these 
treatments may b e  cl osely related to the fasted treatment in 
expe riment 1 .  
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The net change in body weight during the experimental ·period 
tended  t o  be  positively correlated with ges tati on l ength and negatively 
correlated w ith the change in serum free fat ty acid l evel during the 
expe rimental period . However. these chang�s had no effect on the 
farrowing performanc e or neonate performance  in either experiment s  1 
or 2 .  
These resul ts further support the findings of Yen and 
assoc iates ( 1 9 81 .  1 9 82 ) . which showed no benefit from a 4- or 8-d fas t 
during l ate ges tation . Oj amaa et al . ( 1980 )  had al s o  rep orted a 
tendency for gestation l ength to be shortened when the dietary intake 
of g il t s  was res tric ted during late ges tation.  Dietary res triction 
over a greater period of time during gestation ( 40 d)  has al s o  b e en 
previously shown to not greatly af fect farrowing performanc e  (Anders on 
et  al • •  1 97 9 ;  Hard and Anderson. 1 97 9 ) . 
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There was little pat tern ( figure 4) in the serum glucose level s 
throughout the expe rimental pe riod for any of the treatment groups in 
experiment 1 .  
The s e rum glucose levels in expe riment 1 may have been greatly 
influenced by the bl ood collection technique employed ( Carle and 
Dewhirs t ,  1 942 ) with the catching and retaining o f  the s ows tending to  
evoke a "f ight or  flight reaction . " The reaction, in turn , increased 
glycolys is in the muscles and inc reased the overall bl ood glucose 
conc ent ration ( Guyton , 1 9 81 ) . The highes t serum glucose level s t ended 
to cons istently be produced by those animal s that were the most 
stres sed .  Future expe rimentation of this nature would b enef it from 
util iz ing tethered s ow s  with pe rmanently inserted vascular cannulas . 
The serum glucose levels for the animals within the 
Solka Fl oc + fat treatment group in expe riment 2 were s ignificantly 
lower at day 1 1 0  of ges tation in comparis on to  animals within th� 
control and control + fat treatment groups .  The net change in the 
serum glucose level during the experimental period al s o  diffe red 
s ignificantly among t reatment groups in experiment 2 ,  w ith a net 
increase f or the s ows in the control and control + fat t reatment groups 
and a net dec rease for s ows . in the Solka Floc + fat treatment group . 
There was a highly s ignificant negative correlation between this net 
change in serum glucose levels from day 1 00 to 1 1 0  of gestat ion and the 
net change in the s erum FFA level s during this same period . 
Atinmo et al . ( 1 97 4b )  had shown no effect on the maternal bl ood 
glucose level from feeding res tricted �nergy during gestation . They 
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Figure 4 . Serum gluc o s e  pa't: t e rn s  in g es ta't:ing -s ow s / g il ts .  
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concluded that changes in bl ood glucose levels we re not a s ensitive 
index of ene rgy needs in energy- or protein-res trict ed pregnant g ilts . 
Con�e rsely , Kas ser and as s ociates ( 1 97 8) later rep orted that pregnant 
gil t s  fasted f rom day 92  to day 1 1 2  of gestation had s e rum glucose 
level s that we re lower than those of  the control t reatment g roup 
throughout the experimental pe riod . Maternal blood glucose dec reased 
to  a fasting but s teady level when sows were fasted f or 7 or 2 1  d 
during late ges tation in res earch conducted by Ez ekwe ( 1 9 81 ) . 
Serum FFA level s in the gestating s ow/ g il t  were affected by 
die tary treatments in b oth experiments .  The serum FFA l evel s of  the 
control animal s remained relatively stable ,  whil e those of the 
control + fat t reatment group in experiment 2 became sl ightly elevated,  
pos s ibly due to the inc reased digestion of  the die tary fat . In  b oth 
expe riments , the se rum FFA levels were extremely elevated at day 1 1 0 of 
gest ation for the animal s in the Solka Fl oc , Solka Fl oc + fat ( 15% and 
3 3 . 3 % )  and the fasted t reatment groups .  Due to  the poor consumption of  
the S olka Fl oc with and without added fat in b oth expe riments 1 and 2 ,  
the s e  t reatments may have been cl osely related t o  the fas ted t reatment 
in experiment 1 .  Simil ar peaks ( f igure 5 )  were reached f or the 
treatments in experiment 1 after 1 5  d and in experiment 2 after 1 0  d o f  
treatment exp osure . This may suggest that this i s  the maximum 
circul ating s e rum FFA level possible under these conditi ons . This net 
change in se rum FFA l evels was negatively correlated with the net 
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change in b ody weight in b oth expe riments 1 and 2 and als o  with the net 
change in the serum glucose level in experiment 2 .  
In the baby pig bl ood analyses of expe riment 2 .  t rial 1 .  there 
were no s ignificant differences among treatment groups for any o f  the 
specific bl ood as says . in spite of diffe rences among t reatment groups 
for the dams ' 1 1 0-d gestation bl ood analyses for serum glucose and 
serum FFA concentrations . These baby pig bl ood levels may have peaked 
earlier in relation to the bl ood levels of their dams and returned to a 
normal level by the time of farrowing following the ces sation of the 
dietary treatments of their dams at day 1 1 0  of ges tation .  
Ez ekwe ( 1 981 ) had compared the effects of fasting s ows f o r  7 d 
and 21 d against control sows . Maternal bl ood glucose had dec reas ed t o  
a fas t ing but s teady level . However. the bl ood glucose and FFA l evels 
of p igs  at b irth were simil ar for all treatment groups . The s e  dietary 
treatments had been terminated on day 1 1 4  of gestation w ith the s ows 
al lowed to  farrow natural ly . Gestation length had ave raged 1 1 5  d for 
the control and 7-d fasted groups and 1 1 2  d for the 2 1 -d fasted 
treatment group . 
There was a sl ight negative correlation in this s tudy b etween 
the serum glucose l evel at parturition and the ges tation length . Serum 
glucose level s  at parturition were positively correlated with the net 
change in the dam ' s  body weight during the expe rimental period and the 
number of  l ive p igs in the l itter at parturition. 
Pl asma fruct ose levels at parturition were also  positively 
correlated w ith the number of live pig� in the l it ter at parturit ion . 
-
9 8  
Howeve r,  the re was n o  correlation between the plasma f ruct ose level at 
parturit ion and the s ubsequent survivabil ity of the p igs as had b een 
reported by Pettigrew et al . ( 1 97 1 ) . 
Serum FFA level s in the newborn pig at parturit ion ave raged 
between 3 95 and 43 4 Eq/ 1 ,  with no s ignificant diffe rence  among 
treatment groups . Wol fe et al . ( 1 97 8) had reported the circulating FFA 
level in the newb orn p ig to be approximately 1 , 000 Eq/ 1 .  As mentioned 
prev iously , Ez ekwe ( 1 981 )  had shown that maternal fas ting during late 
gestat ion had . no effect on the FFA concentrat ion in the newborn p ig at 
parturition .  However.  the survival rate following a 7 2-h fas t was 
highe r among the progeny of the fas ted s ows than the control s ow s .  The 
increased plasma FFA level observed with fas ting in the progeny of the 
fas ted dams may have  been an indication of a shift toward lip id 
metab olism.  
There was no correlation in this study between the s e rum . FFA 
level at birth and any other parameter that was measured . 
Diffe rence s  were not obse rved among treatment groups in e ither 
of the experiments for any of the parameters that were measured at the 
time of farrowing or 3 -d postfarrowing . 
Birth weight was pos itively correlated w ith the dam ' s b ody 
weight during late gestation in both experiments 1 and 2 .  Gest at ion 
length was negatively correlated with the dam ' s  serum FFA level at 




Two experiments involving a total of 6 2  c ro s sb red s ows and 
gil t s  were conduc ted to inves tigate the effec t of die tary al teration of 
the energy me tab ol ism in the sow during l ate ges tation .  Expe riment 1 
cons is ted of one g 7s tation-l ac tation trial in March and April . with the 
experimental period las ting from day 96 to day 1 10 of g es tation .  
Experiment 2 consis ted o f  tw o  ges tation-lac tation trial s .  the firs t in 
May and June and the second in Oc tober and November.  wi th the 
experimental period las ting from day 1 0 1  of ges tation to day 1 1 0 o f  
ges tation .  
The daily die tary treatments in experiment 1 were ( 1 )  1 . 82 kg 
of a 1 2% protein corn�soybean meal diet.  ( 2 )  1 . 82 kg of Solka Floc . ( 3 ) 
1 . 82 kg of Solka Fl oc with 1 5% added fat (yellow g reas e )  and ( 4) 
fas ting . Body weight was measured and blood sampl es were ob tained on 
days  95 . 1 00 .  1 05 and 1 1 0 of ges tation .  The daily dietary treatments 
in experimen t 2 were ( 1 )  1 . 82 kg of  a 1 2% protein corn-s oybean meal 
die t .  ( 2 ) 1 . 82 kg of a 1 2% protein corn-soybean meal die t with 7 . 5% 
added fat and ( 3 ) 1 . 82 kg of So1ka Fl oc with 33 . 33% added fat .  B ody 
weight was measured and bl ood samples were ob tained on day s  1 00 . 105  
and 1 1 0 of ges tation. 
Sow weight . measured at days 95 . 1 00 . 1 05 and 1 1 0  and 1 00 . 1 05 
and 1 10 for experiments 1 and 2 .  respec tively . did not vary 
significantly among treatments . However. there was a s ignifican t 
differenc e  among treatmen ts in both experiments in the net  weight 
change during the experimental period . with the sows on the c ontrol and 
.. 
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control + fat treatments exhibiting weight gains and the sows on the 
Solka Fl oc , Solka Fl oc + fat and fasted treatments exhibiting a weight 
loss . 
Serum glucose level s  for the sows in experiment 1 did not 
differ significantly among treatments at any time during the 
experimental period . Serum glucose l evel s for s ow s  on the Solka Floc 
+ fat treatment in experiment 2 were significantly lower at day 1 10 of 
ges tation in comparison to the s ows on the control and c ontrol + fat 
treatments . The net change in the serum glucose l evel during the 
experimental period al s o  differed signif icantly among t reatments in 
experiment 2 ,  with a ne t increase for sows on the control and 
control + fat treatments and a net decrease for sows on the Solka Floc 
+ fat treatment . 
A s ignificant response among treatments in serum FFA l ev el s  was 
exhibited in both experiments at day 1 05 and 1 1 0  of ges tati on and al so 
in the net change in the serum FFA level during the experimental 
periods . Serum FFA level s observed in the control treatment animal s 
remained relatively s tabl e ,  whil e those of the control + fat treatment 
animal s  exhibited a slight inc rease during the experimental period . An 
extreme inc rease in serum FFA level s was exhibited throughout the 
experimental periods by the Solka Floc , Solka Fl oc + fat and fas ted 
treatment animal s .  In all of the trial s ,  there was a highly 
significant correlation between the net weight change and the net serum 
FFA level change during the experimental periods . Approximat el y  44% of 
.. 
the change in se rum FFA l evels could be accounted for by a change in 
body weight during the same pe riod . 
1 01 
There were no s ignificant res ponses due t o  t reatment in e ither 
exper iment for ges tation length. number of l ive p igs  farrowed.  number 
of s t illb orns in the litter.  total l itter weight at farrowing . ave rage 
p ig weight at farrowing or average pig weight . total l it ter weight and 
p ig survival at 3 -d postfarrowing . 
The experimental treatment of the dam from day 1 01 t o  day 1 1 0 
of  ges t ation in trial 1 of expe riment 2 had no s ignificant e f fe ct on 
the se rum glucose . se rum FFA or pl asma fructose l evel s in the · p e rinatal 
pig at parturition. 
There were no s ignificant correl ations between the serum FFA 
level at b irth and any other measured variabl e .  Serum gluco se l evel at 
birth  was inversely correlated with ges tation length and directly 
correlated w ith the number of l ive pigs in the l itter at farrow ing and 
the 1 00- t o  1 1 0-d gestation weight change of the dam. Plasma f ructose 
l evel s at  farrowing were directly correlated with the number of l ive 
p ig s  in the litter at farrowing and inversely correlated with the body 
weight of  the dam at 1 1 0  d gestation. 
In conclusion.  the dietary treatment of the s ow/ gil t during 
l ate gestation did have a s ignificant effect on maternal body weight . 
serum glucose levels and serum FFA l evel s .  However. dietary al teration 
of  the energy metaboli sm in the sow during late gestation had n o  
s igni f icant  effect on the performance of the neonatal p ig a t  farrowing 
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The Col orimetric Enzymatic Determination o f  Glucose in Serum or 
Pl asma at 5 20 nm ( Sigma Chemical Company . 1 97 8) 
This as say . is  based upon the analysis proc edures describ ed in 
Sigma Technical Bulle tin No . 1 15 . reissued in Augus t .  1 97 8 .  for the 
Colorimetric Enzymatic Determination of Glucose or Plasma at 5 20 nm. 
using the Sigma Diagnos tic Kit No . 1 15-A • •  
A .  P rincipl e 
The analys is is  based upon the conversion o f  Glucose  to 
gluc ose-6-phosphate . coupl ed with the sub sequent reduction o f  NADP to 
NADPH . In the presenc e of PMS , !NTH produc ed from the reduc tion o f  INT 
by NADPH is measured calorimetrically at 5 20 nm according t o  the 
f oll ow ing reac tions : 
Hexokinase 
Glucose + ATP G-6-P + ADP 
Mg++ 
G-6-P + NADP G-6-PD + 6-PG + NADPH 
NAD PH + PMS..,__---+) NAD P + PMSH 
PMSH + INT----+PMS + ! NTH  
The amount of !NTH formed i s  direc tly proportional t o  the 
conc entration of  glucose in the sample .  
Abbrevia tions : 
ADP Adenosine diphosphate 
ATP Adenosine triphosphate 
-
G-6-P - Glucose-6-phosphate 
G-6-PD Glucose-6-phosphate dehydrogenase 
INT Iodoni trotetraz ol ium violet  ( p-Iodoni trotetraz ol ium 
chl oride) 
INTH Iodonitrotetraz olium viol et ( p- Iodonitrotetraz ol ium 
chl oride) , reduced 
NADP - Nicotinamide adenine dinucl eotide phosphate 
1 1 6 
NADPH - Nicotinadmide adenine dinucleotide phosphate ,  reduced 
PMS - Phenaz ine methosul fate 
PMSH - Phenaz ine methosul fate,  reduced 
6-PG - 6-Phosphogluconic acid 
B .  Interfering Substances 
This procedure does not differentiate Glucose f rom 
glucose-6-phosphate . The latter , if present , wil l b e  measured as 
Gluc o se ( refer to reaction 2 under "Principle" ) . Other hexoses . such 
as f ruct ose and mannose,  wil l be converted to their c orrespond ing 
hexose-6-phosphates by the action of hexokinase .  I f  thei r respective 
isomerases are al so  present,  they can be converted to 
glucose-6-phosphate and , hence .  interfere with the assay .  Normal ly , 
thes e interfering substances are present only in trace amounts in body 
fluids and may be disregarded . However, when analyz ing tis sue extract s  
and other biologic preparations . the presence and sub s equent e ffect o f  
thes e  sub stances must be  considered . Nonglucose reducing constituents  
in se rum have been reported to be about 4 mg/100  ml .  
C.  Reagents and Standards 
1 .  Glucose Color Reagent ( Sigma Stock No . 1 15 -5 )  
Contains INT. 3 . 96 mmol/liter. and PMS . 1 . 63 mmol/ l iter.  
2 . Glucose Enzyme Reagent ( Sigma Stock No . 1 15-20 ) 
Each vial contains : 
ATP . 20  � mol 
NADP.  4 �mol 
Mg++. 1 0  � mol 
Hexokinase (yeast ) . 1 6  units 
G-6-PD (yeas t ) . 8 units 
Buffer sal ts and stabil iz ers 
3 .  Comb ined Enzyme-Color Reagent 
Reconst itute 1 vial Glucose Enzyme Reagent ( Sigma Stock No . 
1 15 -20 ) with 17  ml water. Add 4 ml Glucose Colo r  Reagent 
( Sigma Stock No . 1 15-5 . Invert to miX. DO NOT SHAKE . 
4 .  Glucose Standard Solution ( Sigma Stock No . 635- 1 00 ) . 
1 1 7  
Contains glucose. 1 00 mg/dl (5 . 56 mmol/ 1 )  and b enz oic acid a s  a 
preservative . 
5 .  Hydrochl oric acid • •  1 N 
Prepare . 1  N hydrochl oric acid (ACS grade )  by d il uting 8 . 6  m1 
concentrated acid to 1 liter with deioniz ed water  in a 
vol ume tric flask . 
D .  Procedure 
1 .  Label three or more tes t tubes . BLANK. STANDARD. TEST 1 . 
TEST 2 .  etc . 
2 .  To BLANK , add . 02 m1 water . To STANDARD , add . 02 m1 Glucose 
Standard Solution .  To TEST, add . 02 m1 serum. 
3 .  To each , add 1 . 0 ml Combined Enzyme-Color Reagent . Mix 
contents gently by swirl ing . 
4 .  All ow  tub es t o  stand a t  room temperature for 5 t o  1 0  min . 
5 .  To each tube,  add 10 . 0  ml • •  1 N hydrochl oric acid . Mix. 
1 1 8 
6 .  Transfer contents of test tubes to cuvettes and read absorbanc e 
of STANDARDS and TEST vs BLANK as reference at 5 20 nm (�15 nm) . 
Compl ete readings within 30  min . 
NOTE : The maximum Glucose concentration that can b e  measured 
is approximately 3 00 mg/ dl . If  result is greater than 3 00 mg/ dl , 
immediately dilute with 1 1 . 0  ml , . 1  N hydrochl oric aci d ,  reread and 
mul tiply results by 2 .  For practical purposes , the procedure may b e  
used t o  measure Glucose l evel s a s  l ow  as 20 to  25  mg/ dl . 
E .  Calcul ations 
The reaction has been shown to be l inear up to at l east  
3 00 mg/dl . Therefore , a cal ibration curve is not required , and a 
singl e STANDARD can be used to calcul ate the Glucose concentration of 
the test specimens . 
Cal cul ate test resul ts  as follows : 
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Fruct ose ( Roe Modified) , Spectrophotometric Method 
(Levinson and MacFate , 1 96 9 )  
A .  P rincipl e 
The determination is based on the Sel iwanoff reaction. 
1 1 9  
Deproteiniz ed bl ood i s  treated with resorcinol and hyd rochl oric acid , 
as desc ribed by Roe ( 1 93 4) , and the resul ting stable red col or i s  
measured by the spectrophotometer (Levinson and MacFate ,  1 96 9) . 
The dept h  of color obtained is dependent upon the concentration 
of al cohol and hydrochloric acid in the test mixture . Hence .  it is  
important that the amount of these substances  should b e  equal in  both 
test and standards . The intensity of the color produce d  may be 
considered as directly proportional to the amounts of fructose present , 
prov ided that the deviation between sample and standard is  within 
fairly narrow limits . This me thod for the determination of  fruct ose is 
not d i sturbed by the pres ence of glucose up to  3 00 mg/ dl or by 
gal actose up t o  5 00 mg/ dl ( Allport and Keyser,  1 957 ) . 
B .  Reagents and Standards 
1 .  Resorcinol , . 1% al cohol solution. Dissolve . 5  g of highest 
purity res orcinol in 500 m1 of 95% ethyl al ochol . 
2 .  Hydrochl oric acid , 3 0% solution. Add 5 volumes of  concentrated 
hydrochl oric acid to  1 volume of water and mix wel l
.  
3 .  Zinc Sul fate Solution, 1 0% aqueous . Dissolve 1 00 g
 of  
ZnSo4 · 1H2o in water and dilute 
to  1 liter. 
... 
4 .  Sodium Hydroxide • • 5 N solut ion . Dis s olve 2 0  g o f  NaOH in 
1 20 
1 liter of water.  Titrate 1 0  ml of the 1 0% aqueou s z inc 
sul fat e solution and 50 t o  70 ml of water with NaOH s olution . 
using phenolphthal ein as the indic ator . Dilute  the NaOH 
s olution so that from 1 0 . 8  to 1 1 . 2  ml are required t o  b ring 1 0  
m1 o f  the z inc sul fate solution t o  a permanent pink color with 
phenolphthalein . 
5 .  Fruc tose Standard Solutions . Prepare a s t ock s t andard by 
diss olving 1 g of reagent fructose in a saturated aqueous  
solution of  benz oic acid and dil uting to  1 00 ml . As required . 
dilute 1 m1 of this solution to  1 00 ml with saturated benz oic 
acid solution. This dilute solution contains . 1  mg/ml . 
C .  Calibration Graph 
Tran s fer the foll owing amounts of diluted s tandard fructose 
- solut ion to five tes t tubes : o • •  5 .  1 . 0 . 1 . 5  and 2 . 0  ml . D ilute each 
to 2 m1 with water . To each tube add 2 ml of res orcinol s olution and 
6 ml of  3 0% HCl . Mix by shaking vigorously and place the tub es in a 
water bath at 80 c.  After 8 min . transfer the tub es t o  a b eaker and 
c ool with running water . When cold.  read the ab s orbances in the 
spec tropho tometer.  at 45 0 nm using the "O" tub e to set  the ab sorbanc e 
at 0 .  Prepare a calibration graph on coordinate paper.  u s ing the 
following figures to correspond to the amounts o f  standard s olution 
used above : o .  25 . so . 75 and 100 mg of fructose per dl . 
.. 
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D .  P rocedure 
To 1 ml of bl ood in a 25- or 5 0-ml Erlenmeye r flask . add 7 ml 
of  dist illed water .  Mix and allow to hemolyz e .  Then add 1 ml o f  z inc 
sul fate  solution and 1 ml of . 5  N NaOH . Mix wel l and f il t er .  
( Proportionately smaller volumes may b e  used . ) 
Transfer i m1 of the fil trate to one tes t tub e and 2 ml of  
water t o  a second to  serve as a bl ank . Add 2 ml of  res orc inol s olution 
and 6 m1 of 3 0% HCl to  each tub e .  Mix by shaking vigorou sly and place 
the tub es in . a water bath at 80 C .  After 8 min , tran s fer the tub e to a 
b eaker and cool with running water.  When col d ,  read the ab s orbanc es of 
the unknown in the spectrophotome ter at 450 nm ,  setting the blank at 
0 abs orbanc e .  
E .  Calculations 
Read the conc entration direc tly from the cal ib ration graph . I f  
conc entrations o f  1 0  t o  2 0  mg are encountered , prepare a bl ood f il trat e  
dil uting the blood 1 to 5 .  If  conc entrations of 1 5 0  t o  200 mg or more 
are enc ountered . use only 1 m1 of fil t rate and 1 m1 of wat e r .  
... 
1 2 2  
Proc edure 3 
A Modi fication of Lauwerys ' ( 1969)  Colorime tric De termination 
of Free Fatty Acids 
A. Princ ipl e 
A sensitive col orime tric method was proposed by Dunc omb e  
( 1 963 ) . I t is based on the trans fer of copper s oaps into chl orof orm 
and de tec tion of coppe r by sodium diethyl dithiocarbamate (Lauwery s .  
1 96 9 ) . The me thod can be used for saturated acids of  chain l eng th from 
C1 0  to  C1 s .  and for palmi toleic acid . ol eic acid. linol eic acid and 
linol enic acid . either singly or in mixtures . The me thod can al s o  be 
used in the presenc e of  chol es terol . choles terol es ter and 
triglycerides (Dunc ombe. 1 963 ) . 
The proc edure desc ribed by Lauwerys ( 1 96 9 )  comb ines the bes t 
features of several other me thods : (a )  it uses the sen s itive 
col orime tric reac tion.  (b ) Dole ' s  extrac tion me thod ( 1 956 )  does not 
cause emul s ification even when the aqueous phase contains a high 
concen tration of albumin . ( c ) washing the hep tane phase with d il ute 
H2 S04 as desc rib ed by Trout et al . ( 1960 ) washes out any lac ti c  acid 
and ace tone-insoluble material which interferes with th
e spec i f ic ity o f  
the D ol e me thod and ( d )  using a dense aqueous reagent
 a s  proposed  by 
Novak ( 1 965 ) makes easier the removal of an al iqu
ot of  
chl orof orm/heptane and decreases the risk of  c
ontamination by  the 
copper reagent .  
-
B .  Reagents 
1 .  Modified Dol e ' s  Extrac tion Mixture 
Isop ropanol 40 vol . 
Hep tane 1 0  vol . 
2 N H2 S04 1 vol . 
I . 
. 
t 1s  neces sary to use 2 N H2 S04 because of  the buffering 
capac i ty of Tris used for the in vitro as say of lipop ro t ein l ipas e .  
2 .  . 01 N H2 S04 Solution 
3 .  Copper reagen t 
7 m1 trie thanolamine 
. 3  ml glacial acetic acid 
3 . 25 g Cu ( N03 ) 2 • 3 H20 
6 . 25 g K2S04 
17 . 0  g Na2 so4 
Water to give a final volume of 100 m1 
The density of  this solution is g reater than that  of 
chl oroform/hep tane ( 1 / 1  v/v ) . 
4 .  Sodium diethyldithiocarbamate ( Color Reagent )  
. 1% (w/v ) dis s olved in n-butanol . 
5 .  Buffered Albumin Solution 
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Bovine serum albumin (Armour frac tion V)  free o f  fa t ty ac ids by 
charc oal treatmen t and freeze-dried was dis solved in 1 00 mM Tris 
buffer. pH 8 . 5 . The albumin conc entration was 7% . ( See  note 1 ) . 
6 .  Preparation o f  Palmitic Acid Albumin Standard 
1 2 4  
5 1 . 2  mg ( . 20 meq )  rec rystallized palmit ic acid w a s  d is solved in 
50 m1 1 00 mM Tris . pH 8 . 5 . with 1 . 7 5  g fat ty acid-free b ovine serum 
albumin as desc ribed by Lorch and Gey ( 1 96 6 )  and further d il ut ed with 
the buffe red albumin solution to give palmitic acid s t andards ranging 
from 250  to 4000  �Eq/ 1 .  ( See note 2 ) . 
C .  Procedures 
1 .  A . 4-ml sample is vortexed for 1 min with 1 0  ml of  the 
modified Dole ' s  extraction mixture in a glas s-s toppe red tes t 
tube ( See not e 3 ) . 
2 .  Allow the tub e to  s tand for 1 0  min or l onge r  at ro� 
temperature . 
3 .  Heptane (6  ml ) and water ( 4  ml ) are then added t o  tube and it 
is vortexed for 3 0  seconds . 
4 .  Allow the tubes t o  settle for 5 min a t  room t emperature . 
5 .  The upper heptane phas e (5  ml ) is t rans ferred t o  another 
glas s-stoppe red tube with an equal volume o f  . 01 N H2 S04 . 
6 .  Vortex the tubes for 45 seconds . 
7 .  Cent rifuge the tubes at 2200 x g for 5 min .  
8 .  A 3-ml aliquot o f  the uppe r phase i s  removed t o  a 
glas s-stoppe red tube containing 3 ml chl oroform and 3 ml 
copper reagent . 
9 .  Vortex the tubes for 1 min .  
1 0 .  Centrifuge the tubes at 2 2  0 x g for 1 0  min .  
.. 
1 1 . An al iquot (3  ml ) of the upper chl oroform hep tan e  phase is 
pipetted into another tube containing . 5  ml 
diethyldithiocarbamate reagent . 
1 2 .  Vortex briefly to mix the solutions . 
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1 3 . After mixing , the ab sorbance is read at 440 nm in a 1 em light 
path c ell against a referenc e solution of 3 ml 
chloroform/heptane mixture 1 / 1  (v/v) and . 5  ml 
diethyldithiocarbamate reagent . 
D .  Cal culations 
Read the conc entration direc tly from the cal ib ration graph 
based upon standards ranging from 250 to 4000 � Eq/1 . I f  conc entrations 
bel ow  250 to 500  � Eq/1  are frequently encountered . it may be nec es sary 
to  modify the procedure s o  that the absorbance v alues l ie more wi thin 
the mid-range on the spectrophotometer . This can b e  d one by adding 
. 1  ml of a 5 000  � Eq/ 1 standard ( . 0640 g of palmit ic acid in 5 0 . ml of 
100 mM Tris , fat ty acids-free , 7% bovine serum albumin) to  each of the 
tubes containing the unknowns and standards and . 1  ml of dis til led 
water t o  the bl ank . The inc reased ab sorbanc e values o f  thes e  tubes 
will produce a standard curve with a slope paral l el to that of the 
original standard curve , however, with a higher interc ept  on the 
y-axis .  
E .  Notes 
1 .  General Proc edure for Removal of Fatty Aci
ds f rom Serum 
Albumin--Albumin (7 . 0  g)  was dis solved in
 70 m1 of dis til led 
water at 23 c .  Darco activa �ed charcoal ( 3 . 5  g )  wa
s mixed into 
.... 
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the s olution and the pH was l owered t o  3 . 0 by the addition of 
. 2  N HCl . The solution was then placed in an ice bath and 
mixed magnetically for 1 h .  Charcoal was then removed by 
centrifugation at 20 . 200 x g for 20 min in a Sorv all  RCl 
centrifug e with an SS 3 4  rotor at 2 C .  The clarified solution 
was then brought to pH 7 . 0 by the addition of . 2  N NaOH ( Chen. 
1 967 ) . 
2 .  Prep aration of Palmitic Acid Albumin Standard--3 8 . 4  mg 
( . 15 meq) palmitic acid . . 15 ml 1 N NaOH and 25 m1 dis tilled 
water are warmed in a water bath at 7 0  C .  When the s odium 
palmitate is diss olved . the temperature is  l owered t o  5 0  C and 
1 2 . 5  ml 1 6% (w/v) bovine albumin-Armour frac tion v .  previously 
dialyz ed against Gey and Gey buffer. are added with stirring . 
Aft er c�oling to room temperature . 1 0  ml of  a fivefold 
concentrated Gey and Gey stock s olution are added and the 
volume is adj usted to 50 m1 with water. resul ting in 3 meq 
fatty ac id per liter (Lorch and Gey.  1 96 6 ) . 
3 .  The resul ts of this procedure can be  easily b iased  by 
contam ination .  For b e s t  resul ts . all glas sw are should be 
thoroughly washed by hand and rinsed rep eatedly with deioniz ed 
water . Af t er drying the tub es should be ether  rinsed and 
all owed t o dry again . Gl oves should be worn whil e handling 
tube s t oppers to prevent further contamination . 
-
I 
NOTE : The mean squares in these tables for ges tation weight and backfat thicknes s are based 
on the English measurement sys tem .  
Source 
Treatment (T) 
· Age (A) 
T x A  
Residual 
Total 
*P< . 05 .  
**P< . Ol . 
TABLE 1 .  ANALYSIS OF VARIANCE FOR BACKFAT. GESTATION WEIGHT AND 
GESTATION WEIGHT CHANGE (EXPERIMENT 1 )  
Backfat 
df 95 d 95 d 
3 . 01 17  8 .  97 
1 . 0 2 3 040 2 . 3 0** 
3 . 0 1  1668 . 83 
7 . 05 2393 . 5 2 
1 4  
Mean squares 
Ges tation wt 
1 00 d 1 05 d 
35 8 . 66 7 7 1 . 17 
3337 9 . 89** 3 63 80 . 7  8** 
1 420 . 1 4  1 092 . 50 
1965 . 95 1 884 . 67 
1 1 0 d 
3 00 2 . 7 2  
3 1 5 22 . 7 8* 
2 17 2 . 7 5  
281 4 . 81 
Ges tation 
wt chanse 
95-1 1 0  d 
25 1 1 . 7 9** 
10 . 1 4 
3 6 . 67 




TABLE 2 .  ANALYSI S OF VARIANCE FOR SERUM GLUCOSE LEVELS AND SERUM GLUCOSE LEVEL 
CHANGES .  UNADJUSTED AND ADJUSTED WITH 95-D GESTATION SERUM GLUCOSE 















95-d gestation serum glucose 1 
Treatment (T) 3 
�e (M 1 
T X A 3 
Residual 6 
Total 14  
95 d 
67 . 7 9  
3 82 . 55 
255 . 7 1  
1 99 . 43 






Ges tation serum glucose 
1 00 d 105 d 
2 2 . 35 
1 19 . 17 
1 43 . 3 2  
176 . 1 4 
22 . 95 
1 8 . 5 8  
55 . 50 
150 . 7 3  
201 . 67 
361 . 7 1  
7 0, . 81 
342 . 3 6  
3 09 . 50 
521 . 82 
21 8 . 48 
9 . 85 
295 . 01 
27 4 . 1 1  
1 1 0  d 
57 8 . 1 8  
808 . 1 9 
66 . 2 1 
443 . 3 6  
56 . 3 6  
3 60 . 46 
821 . 86 
84 . 67 





95-110  d 
56 9 . 45 
23 24 . 69 
496 . 5 8  
563 . 29 
895 . 3 6  
577 . 1 4 
83 1 . 67 
87 . 86 




TABLE 3 .  ANALYSIS OF VARIANCE FOR SERUM FREE FATI'Y ACID LEVELS AND SERUM FREE FATTY ACID 
LEVEL CHANGES ,  UNADJUSTED AND ADJUSTED WITH 95-D GESTATION SERUM FREE FATTY ACID 









95-d gestation serum free fatty acids 
Treatment (T) 
Age (A) 
T x A 
Residual 
Total 
*P< . OS .  












1 4  
Mean squares 
Ges tation serum free fat ty acids 
95 d 100 d 1 05 d 1 1 0  d 
41 537 . 1 1  957 5 23 . 17 
7 8041 . 5 2  1 26 4 . 1 4  
42263 . 6 4  1 24848 . 07 
3 1591 . 88 465 609 . 45 
221143 . 17 467 1 26 . 91 
. 00 81503 8 . 57 
. oo 1 01442 . 63 
. 00 26 821 1 . 1 2  
. 00 4653 56 . 5 4  
287 857 4 . 3 2** 3 19513 9 . 7 8* 
4217 6 . 33  7 60586 . 3 0  
167020 . 3 2  1 893 10 . 57 
25877 2 . 64  47 56 1 0 . 1 0 
. 7 2 17 6 . 85 3641 22 . 66 
29023 45 . 83** 3 282200 . 46* 
98455 . 2 1 1 1 1 93 25 . 57 
1 8357 0 . 5 4  3 097 24 . 7 9 
28987 1 . 94 4941 91 . 3 4  
Ges tation 
serum free 
fat ty acid 
change 
95-1 10  d 
29217 26 . 83 * 
3 5 1360 . 7 0  
63500 . 20 
5 8827 8 . 01 
1 15 27 98 . 1 6  
3 28200 . 46 *  
1 1 1 93 25 . 57 
3 097 24 . 7 9  





TABL E  4 .  ANALYSIS  OF VARIANCE FOR FARR�ING DATA (EXPERIMENT 1 )  
Mean sguares 
No . of  Total Liv e · 
pigs No . of l iv e  pig 
Gestation born mummies/  litter  birth 
Source df length alive stillborn s wt wt 
Treatment (T)  3 3 . 13 1 .  7 0  1 . 06 2 . 3 9 . 01 
Age (A) 1 . 02 20 . 00 1 . 29 1 1 8 . 3 5 ** . 18* 
T X A 3 1 . 69  1 . 06 . 98 7 . 15 . 02 
Residual 7 3 .  81 4 . 60 • 93 5 . 7 0  . 02 
Total 1 4  
*P< . 05 .  
**P< . 0 1 .  
TABLE 5 .  ANALYSIS OF VARIANCE FOR 3. -D POSTFARR� ING DATA 
( EXPERIMENT 1 )  
Mean sguares Mean sguares 
No . of Percent 
live of pigs Tot al Avg 
pigs in in lit ter l i t ter  pig 
Source df lit ter aliv e  d f  w t  w t  
Treatment ( T) 3 . 21 . 00 3 1 1 . 81 . 0 2  
Age (A) 1 . 3 7 . 06 1 1 07 . 40 . 3 8* 
T X A 3 9 . 92 • 05 •3  
3 4 . 07 . 05 . 
Res idual 7 21 . 24 . 1 6 6 
3 2 . 5 8  . 03 
Total 1 4  
1 4  
*P< . 05 .  
-
1 3 1 
TABLE 6 .  ANALYS I S  OF VARIANCE FOR BACKFAT. GESTATION WEIGHT AND 
GESTATION WEIGHT CHANGE (EXPERIMENT 2 .  TRIAL 1 )  
S ourc e  
Treatment ( T )  
Age ( A) 
T x A 
Res idual 
Total 
* P < . OS .  
* * P < . 01 .  
B ack-
fat 
df 100 d 
2 . . 01 
1 . 06 
2 . 01 
20 . 02 
25 
Mean sguares 
Ges tation wt  
100 d 105  d 1 1 0  d 
100 . 20** 5 4 . 3 7  296 . 97 
17640 . 46** 17 223 . 81**  17 7 1 4 . 07 ** 
1737 . 1 5 90 2 . 84 57 0 . 64 
201 9 . 62 193 0 . 55 1 65 4 . 1 0  
Ges t ation 
wt 
change 
1 00-1 1 0  d 
6 1 8 . 06* 
. o o 
3 22 . 45 
1 3 4 . 49  
TABLE 7 .  ANALYSIS OF VARIANCE FOR SERUM GLUCOSE LEVELS AND SERUM GLUCOSE LEVEL 
CHANGES ,  UNADJUSTED AND ADJUSTED WITH 1 00-D GESTATION SERUM GLUCOSE I.EVEL 















100-d gestation serum glucose 1 
Treatment (T) 2 
Age (A) 1 
T X A 2 
Residual 19 
Total 25 
*P< . 05 .  
**P< . Ol .  
***P< . 001 . 
Mean squares 
Gestation serum glucose 
100 d 105 d 1 1 0 d 
3 05 . 46 
773 . 97 
287 . 3 1  
263 . 5 8  





1 26 . 07 
16 8 . 1 9 
214 . 65 
1 3 1 . 08 
224 . 7 3  
1 88 . 29 
45 . 5 2 
150 . 7  8 
1 26 . 1 5 
751 . 06* 
83 0 . 41 *  
246 . 56 
1 57 . 99 
50 . 17 
6 14 . 7 6* 
866 . 91* 
27 1 . 50 





1 00-1 10  d 
1 898 . 3 9* 
1 . 45 
6 1 . 06 
469 . 3 8  
6307 . 43 *** 
5 99 . 23* 
87 2 . 67 *  
287 . 33 




TABLE 8 .  ANALYSIS OF VARIANCE FOR SERUM FREE FATTY ACID LEVELS AND SERUM FREE FATTY ACID 
LEVEL CHANGES ,  UNADJUSTED AND ADJUSTED WITH 100-D GESTATION SERUM FREE 









100-d gestation serum free fatty acids 
Treatment (T) 
Age (A) 
T x A 
Residual 
Total 
*P< . OS .  
**P< . 01 .  
,Mean squares 











393 3 2 . 01 
7 7 10 . 03 
57 1 2 . 97 
1 1636 . 7 9  
1 23 27 35 . 87 
2 . oo 
1 . 00 
2 . oo 
19 . 00 
25 
27 533 15 . 1 6*** 
57 1940 . 5 4 
5 96590 . 83* 
151933 . 3 0  
495 948 . 5 8  
2145154 . 92*** 
757 1 61 . 3 4* 
. 45 981 2 . 06 
133 827 . 23 
67 1 8335 . 28*** 6166398 . 7 7 *** 
413 1 20 . 28 53 417 0 . 1 2  
425603 . 08 3 5 4883 . 23 
132517 . 57 134240 . 57 
417 21 . 41 
597 153 9 .  81*** 
447 469 . 5 1  
3 83 83 1 . 26 
137 296 . 3 1  
77362 . 6 1 
597 3448 . 5 4*** 
447 895 . 2 1 
3 83725 . 83 




TABLE 9 .  ANALYSIS OF VARIANCE FOR FARROWING DATA 
( EXPERIMENT 2 • TRIAL 1 )  
Mean sguares 
No . of Total 
of pigs No . of l ive 
Ges tation b orn mummies/  litter  
Source df  length alive stil lborns w t  
Treatment ( T )  2 4 . 66 3 . 7 0  . 77 22 . 47 
Age (A) 1 1 . 99 • 23 . 20 1 0 . 97 
T x  A 2 9 . 29 1 2 . 01 . 92 20 . 09 
Res idual 20 3 . 5 9  8 . 44 . 5 9  8 . 67 
Total 25 
TABLE 1 0 . ANALYSI S  OF VARIANCE FOR 3-D POSTFARROWING DATA 
( EXPERIMENT 2 • TRIAL 1 ) 
Mean sguares 











live lit ter p ig · Of pigs 
Source d f  :eigs wt wt alive 
Treatment (T )  2 1 .  7 5  9 . 5 9  . 1 3 . 00 
Age (A) 1 27 . 81* 7 3 . 50* . 04 . 3 4** 
T x  A 2 6 . 3 2  13 . 6 9 . 0 1 . 01 
Res idual 20  6 .  27 1 2 . 7  4 . 15 . 03 
Tot al 25 
* P < . OS .  




T x A 
Sex ( S )  
T X s 
A X s 
T X A X s 
Litter (T x A) 










3-D POSTFARROWING (EXPERIMENT 2, TRIAL 1 ) 
Mean sg ua res 
At farrowing 
Birth Serum Plasma 
w t  gluco se fruct ose 
2196 17 . 28 7 45 . 5 4 200 . 05 
667 666 . 65 375 8 . 03 3 82 . 47 
46 135 . 88 1 2 . 26 147 7 . 2 9 
33734 . 6 1  • 25 1 . 21 
1 6 1 27 2 .  41 1 1 . 69 . 63 
53 5 866 . 81* 3 10 . 04 1 21 . 62 
1423 20 . 7 2  151 . 3 2  15 . 48 
3 95988. 96** 2082 . 95** 533 . 00** 
Serum free 
fatty acids 
41 632 . 1 8  
1 006 . 89 
153 892 . 02 
10843 2 . 57 
3 1 928 . 7 7  
23 13 . 08 
1 1042 . 5 4  
5 0865 . 3 9  
S x litter ( T  x A) a 73683 . 5 9  284 . 65 155 . 7 0  7 2 43 7 . 48 






7 3 227 4 .  96 
190345 . 98 
57 299 . 28 
3 23 066 . 7 7  
1 1 1433 . 66 
177529 . 20 
46484 . 95 
864996 . 06** 
9656 2 . 17  
81 53 4 . 91 
a Degrees of freedom for birth weight , serum glucose ; plasma fructose , and serum free fatty acids 
= 1 9 :  weight 3-d postfarrowing = 17 . 
b Degrees of freedom for birth weight = 198 ,  serum glucose = 1 92 , plasma fru ct ose = 1 87 ,  serum 
free fatty acids = 167 , and weight 3-d postfarrowing = 1 23 .  
c Degrees of freedom for birth weight = 248, serum glucose = 242 , plasma fruct ose = 237 , serum 
free fatty acids = 217 , and weight 3-d postfarrowing = 17 1 .  
*P< . 05 . 




TABLE 1 2 .  ANALYSIS OF VARIANCE FOR BACKFAT. GESTATION WEIGHT AND GESTATION 
WEIGHT CHANGE (EXPERIMENT 2 .  TRIAL 2 )  
Mean squares 
B ackfat Ges t ation wt 
Source d f  1 00 d 1 00 d 1 05 d 1 10 d 
Treatment (T) 2 . 00 88 . 03 5 1 0 . 3 0  225 9 . 08  
Age (A) 1 . 02 485 83 . 34*** 5497 3 . 35*** 48694. 48*** 
T x A 2 . 03 2 8 . 98 170 . 69 304 . 7 0  
Residual 15  . 02 2108 . 69 2142 . 07 2664 . 43 
Total 20 
**P< . 01 .  
***P< . 001 . 
Ges tation 
wt change 
1 00-1 1 0  d 
1 66 8 . 3 9** 
. 02 
3 10 . 00 




TABLE 13 . ANALYSI S OF VARIANCE FOR SERUM GLUCOSE LEVELS AND SERUM GLUCOSE LEVEL 
CHANGES .  UNADJUSTED AND ADjUSTED WITH 1 00-D GESTATION SERUM GLUCOSE 




Age ( A) 










100-d ges t ation serum gluc ose 1 
Treatment (T) 2 
Age (A) 1 
T X A 2 
Res idual 1 4  
Total 20 
*P< . 05 .  
**P< . 01 .  
Mean squa res 
Ges t a ti on se rum gluc o s e  
1 00 d 1 05 d 1 10 d 
7 1 . 48 
57 6 .  04* 
17 . 7 6  
89 . 17 





8 . 24  
1 433 . 3 4** 
5 . 48 
1 01 . 83 
6 1 . 05 
8 . 7 5  
7 48. 88* 
2 .  81 
1 04 . 7  4 
7 98 . 65* 
1 22 .. 91 
53 2 . 55 
17 4 . 5 9  
1 5 . 1 8 
7 92 . 40* 
5 0 . 86 
53 8 �  89 
1 85 . 98 
Ges tation 
s e rum 
gluc o s e  
change 
1 00-1 1 0  d 
805 . 91 
165 . 1 4 
6 15 . 05 
247 . 0 2  
1 104. 26* 
7 92 . 05* 
56 . 07 
5 20 . 28 




TABLE 1 4 .  ANALY S I S  OF VARIANCE FOR SERUM FREE FATTY ACID LEV EL S  AND SERUM FREE 
FATTY ACID LEVEL CHANGES . UNADJUSTED AND ADJU STED W I TH  1 00-D GESTATION SERUM 
FREE FATTY ACID LEVEL AS A COVARIANT ( EXPERI MENT 2 .  TRI AL 2 )  
Unadj u s t ed 
Treatment (T)  
Age (A) 





100-d ges tation serum free fatty ac ids 
Treatment (T) 
Age (A) 
T x A 
Res idual 
Total 
*P< . 05 .  
**P< o 01 . 
***P< . 001 . 
df 
Mean squa res 
Ges t ation s e rum f re e  f a t ty ac ids 
1 00 d 1 05 d 1 10 d 
Gest ation 
s e rum f r e e  
f a t ty ac id 
change 
1 00-1 1 0  d 
2 1 165 9 . 7 0  233 9 81 1 . 15*** 67063 1 1 . 91 *** 6968735 . 20*** 
1 1 27 1 . 25 2527 63 . 3 4  631300 . 67 ** 57 4480 . 25** 
2 2337 6 . 94 1 4491 4 . 67 146 81 9 . 2 4 286700 . 53 *  
15  1 0887 . 5 4  1 147 23 . 5 2 55025 . 83 5 93 22 . 9 2  
2 0  
1 163313 . 17 
2 . • o o  
1 . oo 
2 . 00 
1 4  . oo 
20 
152129 . 48 
2413 846 . 48*** 
2 17 65 1 . 46 
213706 . 93 
1 1 2051 . 6 6 
1 4467 . 3 8  
6604662 . 41 *** 
60980 2 .  96** 
1 4287 9 . 56 
57 922 . 86 
80660 . 5 9  
66053 26 . 27 *** 
608356 . 86** 
1 4245 2 . 81 







T x A 
Res idual 
Total 
TABLE 15 . ANALYSIS OF VARIANCE FOR FARRCMING DATA 
( EXPERIMENT 2 .  TRIAL 2 )  
Mean squares 
No . of Total 
pigs No . of  l ive 
Ges tation b orn mummies /  l i t ter 
df l ength alive s tillborns wt 
(T) . 2 2 . 5 9 4 . 5 1  1 . 5 1  3 . 05 
1 . 1 4 5 . 1 4 1 . 29 2 1 . 5 0 
2 1 . 44 . 5 1 4 . 08 1 . 6 8 
15  • 7 9  2 .  7 9  1 . 66  8 . 2 1 
20  
*** P < . OOl . 
Live 
p ig 
b i rth 
wt 
. 06 
. 7 0*** 
. oo 
. 04 
TABLE 1 6 . ANALYSIS OF VARIANCE FOR 3-D POSTFARROWING DATA 
( EXPERIMENT 2 .  TRIAL 2 )  
Mean squares 
No . of Total Avg Pe.rcent 
live lit ter pig of pigs 
Source df pigs wt wt alive 
Treatment ( T) 2 3 .  97 2 4 . 06 . 09 . 1 2 
Age (A) 1 . 14 15 . 50 . 43 *  . 03 
T x  A 2 1 . 1 1 9 . 07 . 02 . 00 
Res idual 1 5  6 . 43 26 . 62 . 08 . 05 
Total 2 0  
* P < . OS .  
139  
Source 
Treatment ( T) 
Age (A) 
T x A 
Trial ( t ) 
T X t 
A x t 
T X A X t 
Res idual 
Total 
*P< . OS .  
**P< . 01 .  
***P< . 001 • . 
TABLE 17 . ANALYSI S OF VARIANCE FOR BACKFAT, GESTATION WEIGHT AND 
GESTATION WEIGHT CHANGE ( EXPERIMENT 2 ,  TRI AL S  1 AND 2 )  
Mean squares 
B ackfat Ges t ation wt 
df 1 00 d 100 d 1 05 d 1 1 0 d 
2 . 01 1 9 . 7 9  1 47 . 1 6 1 9 89 . 03 
1 . oo 63708 . 53*** 6 8503 . 5 1*** 63896 . 80*** 
2 . 03 957 . 7 7  81 9 . 96 7 93 . 5 9  
1 . 01 1 253 9 . 6 1* 16216 . 5 1** 1 8248 . 35** 
2 . 00 166 . 86 47 6 . 85 815 . 96 
1 . 07 541 6 . 1 6 7 23 2 . 67 5 41 6 . 1 6  
2 . 01 641 . 98 197 . 7 7  6 1 . 64 
35  . 02 2057 . 7 9  2021 . 20 2087 . 1 0  
46 
Ges tation 
w t  change 
1 00-1 1 0  d 
217 0 . 3 0*** 
. oo 
1 63 . 62 
5 40 . 3 7  
244 . 7 7  
. 02 
480 . 94* 





TABLE 1 8 .  ANALYS I S  OF VARIANCE FOR SERUM GLUCOSE LEVELS AND 




T x A 
Trial ( t )  
T X t 
A X t 
T X A X t 
Res idual 
Total 
*P< . 05 .  
**P< . 0 1 .  









3 5  
46 
Mean 
Ges tation serum 
1 00 d 105  d 
255 . 1 1 92 . 86 
133 0 . 49* 13 48 . 90** 
96 . 56 7 8 . 3 9  
91 . 20 139 . 57 
1 09 . 1 1 29 . 60 
. 96 - 3 7 1 . 23 
1 7 3 . 46 1 25 . 56 






1 1 0  d 1 00-1 1 0  d 
153 8 . 3 2*** . 253 9 . 80** 
7 6 1 . 5 8* 7 5 . 56 
7 07 . 3 6* 3 17 . 89 
1 23 2 .  45** 6 91 . 7  8 
26 . 63 85 . 1 6 
1 25 . 42 1 06 . 3 8  
1 16 . 33 43 0 . 33 
1 65 . 1 0 3 7 4 . 08 
TABLE 1 9 .  ANALYSIS OF VARIANCE FOR SERUM GLUCOSE LEVELS AND SERUM 
GLUCOSE LEVEL CHANGES ADJUSTED WITH 100-D GESTATION SERUM GLUCOSE 
LEVEL AS A COVARIANT (EXPERIMENT 2 .  TRIAL S  1 AND 2 )  
Source 
100-d serum glucose 
Treatment (T) 
Age (A) 
T x A 
Trial ( t )  
T X t 
A x t 
T X A X t 
Residual 
Total 
*P< . 05 .  
**P < . 01 .  










3 4  
46 
Mean 
Ges tation serum 
1 00 d 1 05 d 
6 609 . 08 2 85 . 7 2  
. 00 133 . 3 8  
. oo 7 07 .· oo* 
. oo 60 . 57 
. oo 95 . 28 
. 00 56 . 09 
. 00 3 7 9 . 06 
. oo 85 . 27 






1 1 0 d 1 00-1 10  d 
2 0 . 91  7 37 5 . 0 8*** 
1 45 7 . 2 1 *** 1 43 5 . 05** 
7 3 1 . 7 3 * 7 41 . 16* 
7 1 6 .  7 9* 7 2 1 . 01* 
1 253 . 1 6*  1 3 06 . 20** 
2 9 . 5 8 3 5 . 87 
1 26 . 63 1 28 . 7 4 
1 06 . 02 99 . 3 6  
1 69 . 3 4  1 68 . 17 
Source 
Treatment ( T) 
Age (A) 
T x A 
Trial ( t ) 
T X t 
A x t 
T X A X t 
Res idual 
Total 
*P< . 05 • 
. **P< . 0 1 . 
***P< . 001 . 
TABLE 20 . ANALYSI S OF VARIANCE FOR SERUM FREE FATTY ACID LEVEL S AND 
SERUM FREE FATTY ACID LEVEL CHANGES ( EXPERIMENT 2 ,  TRIAL S  1 AND 2 )  








3 5  
46 
Mean squares 
Ges t ation serum free fat ty ac ids 
1 00 d 1 05 d 1 1 0  d 
41 26 . 56 
1 07 1 . 89 
463 0 . 6 4 
7 2 8 . 0 2 
45 23 8 . 3 3* 
7 3 05 . 7 5  
2 5 85 4 . 5 9  
1 1 3 1 5 . 6 9 
5050548. 2 8*** 
7 7 5 93 3 . 7 7 *  
5 6 6 3 6 1 . 84* 
40 1 44 . 53 
1 37 . 24 
1 8 847 . 2 4 
1 3 017 8 .  7 4 
1 3 5 9 86 . 25 
1 3 3 1 849 8 . 95*** 
1 040 87 7 . 3 4** 
5 1 289 8 . 5 9* 
2 407 45 . 80 
496 5 8 . 07 
23 9 9 8 . 0 1 
3 1 067 . 93 
9 93 06 . 82 
Ges tation se rum 
free fat ty aci ds 
change 
1 00-1 1 0  d 
1 29 1 453 7 . 5 8*** 
1 1 07 7 33 . 6 1** 
6 13 07 7 . 7 7 * *  
2 1 4892 . 3 6  
1 8857 7 . 85 
46 95 . 84 
1 5 07 0 . 3 3 




TABLE 2 1 . ANALY S I S  OF VARIANCE FOR SERUM FREE FATTY ACID LEVEL S AND SERUM 
FREE FATTY ACID LEVEL CHANGES ADJUSTED W I TH  1 00-D GESTATION SERUM FREE 
FATTY ACID LEVEL AS A COVARIANT ( EXPERIMENT 2 ,  TRIAL S  1 AND :?. ) 
Sourc e df 
1 00-d s e rum FFA 1 
Treatment ( T) 2 
Age (A) 1 
T x A 2 
Trial ( t ) 1 
T X t 2 
A X t 1 
T x A X t 2 
Residual 3 4  
Total 46 
*P< . 05 .  
**P < . 0 1 .  
***P< . 001 .  
Mean squares 
Ges tation se rum free f a t ty ac ids 
1 00 d 1 05 d 1 1 0 d 









6 2 45 9 8 . 6 6* 
467 3 26 9 . 3 3*** 
847 7 64 . 0 2* 
67 9986 . 7 6** 
27 663 . 65 
63 1 1 8 . 83 
5 8757 . 2 8 
7 605 1 . 7 2  
1 21 6 15 . 3 0  
5 46 7 0 . 93 
1 296 2007 . 94*** 
1 06 2 96 8 .  84* *  
5 3 7 0 5 2 . 1 2** 
23 05 84 . 91 
7 403 9 . 5 2  
1 4892 . 7 2  
1 8493 . 25 
1 006 1 9 . 6 4 
Ges t ation se rum 
free fat ty ac id 
change 
1 00-1 1 0  d 
1 56 493 . 90 
1 296 3 9 45 . 1 1* ** 
1 06 1 9 6 2 . 1 0* *  
5 3 6 2 82 . 49** 
23 0481 . 23 
7 41 0 4 . 20 
1 46 7 5 . 5 5 
1 85 92 . 09 
1 0053 4 . 1 6  
.... 
� w 
TABLE 22 . ANALYS I S  OF VARIANCE FOR FARRONING DATA 
(EXPERIMENT 2 .  TRIALS 1 AND 2 )  
Mean sguares 
No . of Total Live 
pigs No . of  l ive  pig 
Ges tation born mummies /  litter  birth 
Source df l ength alive s tillborns w t  w t  
Treatment (T)  2 6 . 98 1 . 40 . 15 3 . 7 5  . 02 
Age (A) 1 . 45 1 . 83 . 29 3 2 . 02 . 64*** 
T x A  2 3 . 06 7 . 98 3 . 0 2  1 4 . 46 . 02 
Trial ( t )  1 1 . 42 . 96 . 01 1 4 . 1 5  . 40** 
T x  t 2 . 10 6 . 89 2 . 20 2 0 . 03 . 07 
A X t 1 1 . 5 1  4 . 0 1  1 . 29 1 . 44 . 1 9 
T X A X t 2 7 . 26 3 . 07 2 . 1 1  4 . 9 1 . 00 
Residual 3 5  2 . 3 9  6 . 02 1 . 05 8 . 47 . 05 
Total 46 
**P< . Ol .  
***P< . OOl . 
TABLE 23 . ANALYSI S OF VARIANCE FOR 3-D POSTFARROWING DATA 
( EXPERIMENT 2 .  TRIALS 1 AND 2 )  
Mean sguares 
1 44 
No . of Total Avg Percent 
live litter pig of  pigs 
Source df :eigs wt wt al ive  
Treatment ( T) 2 5 . 42 1 8 . 5 9  . 03 . 06 
Age (A) 1 14 . 66 8 . 1 8  . 1 2 . 06 
T x A 2 4 . 86 1 9 . 40 . 03 . 00 
Trial ( t )  1 8 . 29 1 9 . 27 . 1 4 . 03 
T X t 2 • 5 5  1 6 . 28 . . 1 8 . 07 
A X t 1 " 1 0 . 6 9 75 . 3 9  . 3 9  . 28*  
T X A X t 2 1 . 84 2 . 40 . 00 . 01 
. Residual 3 5  6 . 34 1 8 . 6 9 . 1 2 . 04 
Total 46 
*P< . 05 .  
TA!Lt 2 4 .  COIUUl.AnON COtFTICilNTSI TOR S al  PROOUCTION DATA (EXPtRlH!NT 1 )  
G u u t i on 
I u s  ( 1}- (2) ! 3f--(i,}- (5) ( 6 )  <72 {8) ( 9 )  ( 1 0) 012 ( 1 2 )  P3 l  !141 ( 15 )  ( 16) 
3 -d pot t h rrov ias 
( 25 )  hrc:ent pi& eunhal . 1 0 - . 1 0  - . 1 0  - . 07 . oo . 23 .30 .3) . 47 .05 - . 1 1  - . S it - . 26 . 03 - . 03 . 08 
( 24 )  A•& pif vt . 03 . • 7 6  . 80  . 7 8  • 7 3  . 29 . 113 . 1 6  . 3 0  - . 2 8  - . 45 . 1 4 - . 2 1  - . 1 5 - . 04 - . 06 
( 2J )  Tot al 1 i  t t l r  vt .08 . 66 . 7 1  . 6 8  . 6 6  . 2 9  . 3 4  . 1 5  . 3 0  - . 07 - . 23 - . 09 - . 08 . 1 6 . 23 . 2 4  
( 2 2 )  N o .  ef l in p i& •  ill Uttar - . 08 . 1 1  . 1 3  . 1 6  . 1 7  . 21 . 2 5  . 2 8  . 3 2  . 00 - . 1 3  - . so - . 1 4  . 20 . 20 . 3 0  
F e rrov ias 
( 2 1 )  Av& pia vt . 06 . 81 . 84 . 87 . 1!5 , 44 . 43 . 1 9  . 09 - . 3 1  - . 53 . 1 8  - . 3 0  - . 07 - . 07 ::.. . 1 1  
( 20 )  Total l it t e r  vt - . 28 . 7 2  . 7 5  • 7 6  . 6 8  . 1 6  . 1 4  . 04 - . 1 9  - . 27 - . 3 0  . 1 9  .04 . 21 . 2 9  . 26 
( 1 9 )  No. ef l in p i a •  in l i t ter - . 44 . 43 . 44 . 43 . 3 1  - . 1 7  - . 1 1  - . 13 - . 37  - . 08 - . 0 1  . 1 4  . 3 2  . 3 7  . 49 . 47 
( 1 8) No. of .-.itl / t til lbon• ia U t t a r  . 20 - . 1 7  - . 1 3 - . 1 3  - . 06 . 2 5  . 22 . 3 4  . 37 .02 - . 09 - . 23 - . 60 - . 2S - . 26 - . 22 
( 17 )  Cuuti.en hna th . 25 . 25 . 28 .JS · "  . 6 4  . 3 11  . 1 1  . 3 11  - . 3 6  - . 47 - . 22 - . 43 - . 27 - . 3 2  - . 2 9  
Gnu doa 
'iiif9rto l l D-d u rua  f ree htty ec:id c:bMit - . 3 2  . 00 - . 01 - . 07 - . 2 4 - . 6 9  - . 1 )  .os - . 37 . 07 . 1 2  . 00 . 6 2  . 84 . 98 
( 1 S )  Uo-d • e �  fret f a t ty ec:id• - . 33 . 08 . 06 . 0 1  - . 1 9 - . 7 0  - . 1 11 .01 - . 36 . 06 . 1 2  . 1 9  . 6 4  . 84 
( U )  1 0S-4 1etu11 free h t ty  ec:id• - . 1 6  - . 03 - . 06 - . 1 2  - .  25. - . 62 - . 1 7  . 1 2  - . 4 8 - ·. 2 8  - . 1 6  . 1 0  . 4S 
( 1 3 )  10D-d nrua f ru f a t ty  e c i cl l  . 04 . 08 . 01 - . 07 - . 1 8  - . 7 1  - . 09 - . 63 - . 28 . 47 . 43 . 1 7  
( 1 2 ) 95-d unaa free f at ty ec:icl• - . 08 . 40 . 42 . 3 8  • 2 9  - . 1 4 - . 09 - . 21 . oo - . 02 . 03 
( 1 1 )  9S tO 1 JQ-d 1e ru11 ll\IC:Oit C:blnl t - . 1 0  - . 3 2 - . 3 2  - . 37 - . 37 - . 27 - . 55 - . 52 - . 1 0 . 116 
( 1 0) no-d le� 1 1\IC:Oit . 1 0  ;- . 1 0  - . 1 4  - . 1 9  - . 1 7 - . 23 - . 04 - . 57 . 1 8  
( 9 )  1 05-d 111"\111 aluc:olt . 47 . 2 9  . 28 . 2 9 . 3 9  . 3 9  . so ,08 
( I) lOD-d e e na  aluc:on - . 3 5  - . 1 8  - . 1 1  - . 03 - . 07 . 2 2  ,09 
( 7) 95-d 111"\111 &luC:Oit . 3 7  . 47 . Il l  . 4 2  . 46 . 1 5  
( 6) 9 5  t o  1 1 Q-d w t  c:beae . 1 2  . 22 . 3 1  . le1 . 55 
'( 5) 1 JQ-d Wt . 3 1  . 94 . 95 • 97 
( II) 105-d vt . 1 1  . 96 . 99 
( 3) 1 00-d vt . 23 . 99 
( 2) 95-4 vt . 3 1  
( 1 )  )edd e t  
1 lf r!_ • . 51 , then ,, ,05 : U r.!_ • .65,  thea P< , 0 1 :  U r!_ • , 7 7 ,  thtn P< . OOl . 
r a r rovia£ 
( 17) ( 1 £ 1 ( 1 9) ( 20 )  
. 3 3  . 43 - . 23 - . 09 
. 113 .05 . 2 2  . 60 
. 3 3  . 1 4 . 3 5  . 63 
. 2 9  . 2 4  . 2 4  . 3 1  
. 43 .02 . 3 0  . 7 4  
. 06 - . 33 . 116 
- . 26 - . so 
. 40 
( 2 1 )  
. 1 0  
. 86 
. 7 0  
. 25 
3-c! eon f a  r ra..·in! 
( 2 2 )  ( 23 )  ( 2 4 )  ( 2 5) 
. 88 . H  . 3 11  





TA!Lt 2 5 .  CORRELATION COEFFICIP:IITS• FOR S� PRODUt"l'ION DATA ('EXPtlUMEm' 2 ,  TIU AL  1 )  
l t a  ! 11 ( 2 ) ( 3 )  ( 4 )  !.5> (6l or ( 8) (9) ( 10) ( 1 1 )  ( 1 2) ( 1 3) ( 1 4 )  
3-d pol t h rravios 
( 2 2 )  hrctnt pia au"hal . 1 0  - . 3 7  - . 3 5  - . 3 9  .06 . 05 . 1 3 . 20 . 1 0  - . 09 - . 2 2  - . 1 2  - . 1 1  . 2 1 
( 2 1 )  Ava pia v t  . 1 7  - . 23 - . 1 8  - . 22 . 1 1  - . 21 - . 0 1  .34  .39  - . 35 - . 09 . 06 . 1 1  - . 03 
( 20 )  Total l i t t u  vt .02 - . 25 - . 28 - . 2 9  - . 06 - . 04 .04 . 1 0  . 0 8  - . 20 - . 1 0 - . 09 - . 06 1 . 0 4  
( 1 9 )  N o .  of l ive p i a •  iD l i t t e r  - . 03 - . 1 7  - . 2� - . 22 - . 13 . 1 8  . 17 .oo - . 1 4 . OS - . 08 - . 1 3  - . 1 5  . 05 
f a rrovins 
( 1 8) Ava pif vt . 1 0  - . 1 0  - . 01 - . 03 . 27 - . 27 - . 1 2  . 22 . 3 1o  - . 4 2  - . 1 0  . Oio . 1 0  . 2 9  
( 1 7 )  Total U t t er vt - . 07 . 2 0  . 1 3  . 1 7  - . 1 6  .03 - . 03 - . 1 9  - . 1 5  - . 1 2  . 1 4  . 0 2  . 0 4  - . 05 
1 1 6 )  No. of lbe pia• in l i t te r  - . oe . 22 . 1 3 . 1 6  - . 27 . 1 9  . 07 - . 23  - . 3 0  . 1 6  . 1 5  . 0 1  - . 0 2  - . 15 
( 15 )  llo. o! .� . .  / n U lbor111 iD l i t t e r  - . 1 1o  . 1 6  . 1 1  . 0 2  - . 52 - . 26 - . 26 - . 1 4  .09 . loB  . 3 7  . 3 1  . 25 - . 0 9  
( 1 4 )  Cuutioo l eo1th . 01 . 06 . 1 2  . 1 4  . 2 1o  . 0 1  . H  . 1 1  . 06 - . 49 - . 27 - . 21o  - . 1 8  
Cnt atioo 
TI3T10o to l l o-d nnm f r u  f a t ty  add chana• - . 29 . 28 . 25 . 1 0  - . 6 9  . 1 2  - . 43 .:. . 6.5 - . 53 . 1 5  . 811 . 99 
( 1 2 )  1 1 0-d unm f ru h t ty aeid• - . 3 2  . 2 8  . llo  . 0 9  - . 7 3  . 1 2  - . lo2 - . 66 - . 53 . 2 8  . 9 1  
( 1 1 )  10.5-tl nrua f r e e  f a t ty aeU• - . 41 . 3 1  . 2 4 . 1 0  - . 82 .08 - . 43 - . 67 - . 51  .40 
( 10) 1 Do-d u na  f ree f a t ty  aeid• - . 2 4  . 0 1  - . 06 - . 1 0  - . 3 8  .08 .01 - . 1 11  - . 1 7  
( 9) 1 00 to 1 1o-d u na  1 1ueon c:b&Dit .33 - . 20 - . 1 7 - . 1 2  . 3 5  - , 7 4  .09 ,69 
( I) Uo-d u rua  1 1ueon . 29 - . 47 - . 45 - . 3 9  . 42 - . 03 . 45 
( 7 )  105-d nnm 1l ueott . 1 5  - . 29 - . 29 - . 2 5  . 2 3  . 3 0  
( 6)  1Do-d U nJII tlUCO . .  - . 1 8  - . 1 6  - . 1 9  - . 20 - . 09 
( 5) 1 00 to J lo-d vt c:haa• . 1 8  - . 43 - . 3 .  - . 1 7  
( 4) 1 1 0-cl v t  . 1 5  . 96 . 9 8  
( 3 )  1 05-d vt . 1 2  . 99 
( 2) 10o-c1 vt . 09 
( 1) Baeltht 
1 1f r! ! .39, tban P< . 05 ,  U r,!_ ! . 50,  tbao P< . 0 1 ,  if r! ! . 6 1 ,  then P < , OOl . 
farr010in! 
( 1 5 )  ( 1 6 )  ( 1 7 )  
- . 04 - . 29 - . 40 
- . 13 - . 5 9  - . 2 9 
. 05 . 3 0  . 3 3  
. 07 . 6.5 . 47 
- . 3 8  - .  7 3  - . 3 6  
- . Oio . 88 
. 1 5 
3-c! 
( 1 8)  ( 19)  
.06  .53  
.75  - . 3 2  
- . 1 5  . 7 8  
- . 5 5  






TABLE 26 . CORRELATION COEFFI CIENTsa FOR FARROWING DATA (EXPERI MENT 2 ,  TRI AL 1 )  
I t em 
Sow-gil t 
Ges tation l eng th 
No . of l ive pigs in l it ter at farrowing 
No . of mummie s / s tillb orns in l i t ter 
1 1 0-d gestation wt 
1 00-1 1 0-d gest ation wt 
1 1 0-d gest ation s erum glucose 
1 00-1 1 0-d ges tation se rum glucose change 
1 1 0-d g es tation se rum FFA 
1 00-1 1 0-d g es tation se rum FFA change 
Baby . E:!g  
W t  at farrowing 
Serum gluco se at farrowing 
Plasma fructose at farrowing 
Serum FFA at farrowing 
Pig survival at 3-d postfarrowing 




w t  survival 
- . 0 2 - . 1 0 
- . 5 0 . 06 
- . 06 . 0 2 
- . 0 8 . 1 9 
. 1 1  - . 0 4 
. 1 6 - . 1 0  
. 3 0 - . 0 5 
. 0 8 . 08 
. 1 2 . 08 
• 7 8 - . 1 4 
. 1 2 . 07 
. 09 . 0 8 
. 0 1 - . 0 8 
. 0 0 
Baby Eis 
Plasma S erum 
S e rum f ructose glucos e  
FFA at at at 
farrowing farrowing farrowing 
- . 05 - . 1 1  - . 1 4 
. 0 2 . 1 6 . 1 4 
- . 03 . 00 - . 03 
- . 0 2 - . 1 3 - . 1 8  
- . 0 5 . 09 . 1 3 
. 0 2 . 06 . 0 4 
. 00 . 02 - . 07 
- . 0 4 - . 03 - . 1 0  
- . 0 5 - . 03 - . 1 1  
. 06 . 0 2 . 05 
. 0 8 . 0 9 
- . 0 4 
. a I f  r>  + . 1 3 ,  then P < . OS ;  i f  r >  + . 1 7 ,  then P < . O l ;  i f  r> + . 23 ,  then P < . OO l . 
W t  a t  
far-
rowing 
. 1 4 
- . 45 
- . 23 
- . 0 4 
. 1 8 
. 1 1 
. 23 





TABU 27 . CORRD.ATION COEITJCJl'JrTS• FOR $� PROiliiCTION DATA ( D PEIUHllrT 2 , ni AI. 2 )  
C u t a t J on 
h m  ( I )  ( 2 )  Pl ( 4 )  m ( 6) (7) ( 8) (9)  (1 0) ( 1 1) ( 1 2) ( lJ )  ( 1 4) 
3 - d  poc t h n o.� l nc 
( 2 2 )  h rc eot  p i a  eurv l v al . 0) - . 0 2  . Ol . 0 2  . 1 6 - . 1 0 - . u , 2 3 • 27 - . 20 - . 1 9  - . 1 9  - . H . u  
( l l )  Ava plf  • v t  . I I  . 2 8  • 2 9  . 26 . 02 - . 1 1 - . 4 1 . 1 7  . 2 5 - .  2 1  - . o� - . 1 )  - . 1 0 - . 0 1  
( 20) l o t e l  l i t t e r  v t  . I  4 . 0 1  . 04 . 0 )  ,01 - . 09 - . u  .05 . 1 0 - .  2 1  - . 0 5  - . I &  - . 1 1  . 0 1  
( 1 9 )  N o .  o f  1 h t  p i a •  h l i t  t u  . u  - . 1 4  - . t o  - . 09 . 1 4  - .0 1  .02 - . 02 - . 0 1  - . 1 2  - . O l  - . I  4 - . 1 2  . 02 
f t r r �· ha 
( 1 8 ) Ava p i a  v t  . O il  . 5) . H  . 5 2  . 1 0  - . 19 - . 4 9 . 1 4  . 2 8 - . 1 4  . 0 4  - . 0 4  - . 02 . Oil 
( 1 1 )  T o t al l l t t n  vt . 2 1  . H  . ) 6 . H  . 0 9  - . u  - . 2 4 - . 2 1  - . u  - . 06 . 3 0  . 20 . 20 - . 1 1 
( 1 6 )  tlo. or l l v t  p i t •  tn l l t t tr . 09 - .  J 7 - . 1 1 - . 1 6  - .0 1 . u  . 2 1  - . ) 6  - . 39 . 07 . : u  . 3 0  . 211 - . 2 �  
( 1-5 ) tl o .  o l  •.-l u / n l l lho"'• h l i t ter  . 0 ]  . 20 . 23 . 2 1 . t o  - . 3 1 - . 09 . 0 1  . 1 1  . 1 6  - . 3 1 - . 2 4 - . H  - . 04 
( 1 4 ) C u u t loo l tna tll - . l l  .09 . 09 . 1 8  . 3 9 - . 1 8  - . 1 1 . ) 1  · " '  . 2 2  - . 36 - , 46 - . 47 
Cu t U J on 
1TH1oo to I I  D-el 1 1 ru• r r u  f � t tJ ec U ch•nat .06 . 06 . 0 4  - . 1 1  - . 6 4 - . 0] - . 1 8  - . 56 - . 49 - . ) ) . 84 . 99 
( 1 2 ) 1 1 0-cl n ru• f r t t  h t 1 7 adh . 09 . 09 . 07 - . o e  - . 6 4 - . 09 - . 20 - . � 9 - . 4 9 - . 2 1 . 86 
( I I )  1 05-cl •uu• hu h t tJ edh . 1 2  . 1 6  . 1 1  - . 0 1  - . 60 . 0 4  - . 3 2  - . 5 8  - . 5 4 - . 1 1  
( I O) 1 00-cl u rua h t t  h r r., a c l c h  . 2 2 . : n  . 2 0  . H  . 1 9  - .  45 - . 1 1  - . 1 2  . u  
( 9 )  1 00 t o  I I D-cl u ruo a t ucon c ban a t  - . ) 8  - . 0 4 - . 02 .0) . 2 7 - . 45 - . 2 2 . 8 4  
( I)  I I D- 11 • • ru.  a l uc o n - . 57 - . ) t  - . 3 1 - . 2 4 . 20 . I I  . 05 
( 7 )  t 05 - cl  l t t\18  a l ucon . 01 - . 3 9 - .  40 - . 3 8  - . 04 · "  
( 6 )  ) 00-cl I t  t\18 l l uC O i t  - .  24 - . 4) -. 47 - .  44 - . I S 
( 5) 1 00 to l lD-cl "' c h an a •  . I I  . 1 5  . H  , ) 9  
( 4 )  l l O-cl v t  • 4 5  . 97 . 9 8 
( l )  1 05-cl v t  • 47 . 99 
( 2) 1 00-11 v t  • 46 
( I ) h c.k h t  
1 I I  r! • , 4 ) ,  theo P c , os ,  l l  r !  • , 5 6 ,  thu Pc , O I I I I  r!_ • . 6 6 ,  thto P c . OO t . 
f e r r �· in( 
( I � )  ( 1 6 )  
• 2 1  - . 26 
• 20 - . u 
. 1 1  . 1 5  
. 1 1  . 3 1  
. n  - . H  
- . 02 . 5 2 
- . 1 2  
( 1 1) ( 1 8 )  
. ) 1  . 6 5  
. 6 0  • 8 )  
. 6 9  . 6 2  
. 6 4 . 4 1  
.63 
�-d 20C t ( l t� 
( 1 9)  ( 20)  1 2 1 )  ( 2 l 
, I) . 86 , 7 1  





TAIII.t 2 8 .  CORIIn.ATJON COT.TT J C I DfT!:1 tOll !:CJI tiiOiliiCTJOII bAT A ( ExtER.l Hr.lrT 2, Till AU I Aim 2 )  
l t m  
��!l!!_rroo.· lD! 
( 2 1 )  f t t c t n l  J> l l  ou ..... hlll 
( 2 1 )  Ava r l t  V I  
( 70) Toto  I ] j  l t t t  VI  
( 1 9 )  No. e t  l i v e  plao i n  l i t t e r  
!.!wv� 
( 1 8 ) Ava tla vt 
( I  7 )  T o t a l  l i t  ur v t  
( 1 6 )  till. or  l h t p t a •  I n  l i t t e r  
( 1 5-) tlo. of  ..,_l u / • t l l lbt�ml i tt  l i t t e r  
( 1 4 )  C r o t n l ott hn,th 
C u t u loo 
liif1oo t tl  1 1 0-tl n r"• f r u  I e t ty  acU ch""l' 
(I 7 )  u o-.t u r u .  h u  . .  t ty ee l el l  
( I I )  1 05-.t u na  h t t  h l t y ec l h  
( 1 0) 1 00-d l f n.  l r t t  h l tJ • c l d l  
( 9 )  1 00 t tl  I l l>-� t t MJ• a l uttllf chan , ,  
( 8 )  J l (l-� UMI• f l uUit 
( 7) 1 0!1-· l f nla J l uC O i t  
( 6 )  1 00-· t t l"\la  J luCOit 
( 5 )  1 00 to 1 1 (1-.t w t  chanRt 
( 4 )  1 1 0-· Vt 
( 3 )  I OS-d V I  
( 2 )  1 00-d vt 
( I ) hd:. h t  
Geu it" T on ��-� �-· - i i r r a�-· ior __l:i.iottfa r ro�·in, 
-� �-�--(-,2)--(..-3.,...)--( 4-)--(-� )-_ -,-6.::.1 :.:..!(1) ( �) (9) ( 10) ( 1 1) (12) ( 1 3 )  )i "i 6 l  u 7)  I 1 6 1  ( 1 9 )  l lO) ( 2 1 )  1 2 2) 
. 06 - .  20 - . 1 6  - . 1 7  .08 . oo - . 01  . 7 4  . 1 8  - . I  4 - . n  - . 1 9  - . 1 7  . I ll  . I I  - .  26 - . oe  . 3 1 . 6 6  . 7 6  , 41 
. 1 6  . 03 .01  .os  . 1 0 - . 2 1  - . 1 8  · '-'  . 3 0  - . 2 9  - . oe - . 03 . oo - . 0 2  .OS  - .  &7 . 05 . 7 1  - . 02 . u  
. 06 - . 1 3  - . 1 2  - . 1 3  - . 01 - . 0 &  - . 05 . I I  . I J  - . 20 - . 06 - . 1 0 - . (1 7  ,. 02 . 1 2  . 23 . 46 . 2 2 . 84 
. 0) - . 1 7  - . Ill - . 1 8  - . o e  . 1 3  . I I  . 0) - . 07 - . 01  - . 05 - . 1 2  - . 1 2  . 03 .Oil . !1 4  . !I I  - . 1 5 
. 1 2 . 29 . 3 5 . 3 4  . 23 - . 27 - . 3 1  . O il  . 2 4  - .  2 7  - . 05 - . 03 .(10 . 2 2  - . 06 - . 5 4 . u  
.06 . 28 . 26 • 27 - . 01 - .02 - . I J  - . 1 )  - . 1 7  - . 1 0  . 1 9 . o e  .09 - . 07 - . 0) . 7 5  
- . Ol .06 . oo .01  - . 1 6  . 1 7  . 1 1  - . 2 4  - . 3 1  . n  . 20 . 1 0  .09 - . 1 8  . 0 2  
- . 04 . 1 8  . I ll  . 1 5  - . 1 1  - . 2 5 - . 1 !1  - . OS . 1 3  . 2 9 - . 02 - . 02 - . 06 - . 06 
- . 06 . 08 . J l  . 1 5  . 27 - . OJ .06 . I S  . l l  - . 28 - . 2 9  - . 19 - . 26 
- . 1 4  . I J  . J O  - . 05 - . 67  .07  - . 30 - . H  - . 47 - . 07 . 116 . 99 
- . 1 5  . 1 5  . I I  - . 04 - . 6 1  . 06 - . 30 - . 56 - . 47 .06 . 88 
- .  20 • 2 1 . 1 5  . 0 2  - . 70 . 07 - . ) 7  - . 58 - .  49  . 1 9  
- . OS . I I  . 07 .08  - . 09 - . 09 - . 04 - . 1 '  - . 05 
. 04 - .  J 6  - . 1 )  - . 09 . 25 - . 6 ]  - . 02 . 7 6  
- . u  - .  42  - . & J  - . 3 5 . 2 2  . 0 4  . 2 1  
. 1 0 - . 3 5  - . ] !1  - . 33 . 06 . 3 5  
- . 20 - . 26 - .  211 - . 2 1  - . 1 1  
. 1 1  - . os .OS . 2 2  
. 3 2  . 96 . 98 
. 3 1  . 99 
. 2 8  
• I f '! .. . n ,  t htn P c .os ,  I f '! .. . l ll ,  t hl!n Pc .ol J U ' !  .. . 47 , t hu P c . OO I . 
� 
� 
\0 
